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SPIDER POISON 
VERNON L. KELLOGG 
Stanford University, Cal. 
The not-infrequent occurrence of the notorious "black widow" 
spider, Latrodectes mactans, in the vicinity of Stanford University, 
has led me to a limited personal attention to the subject of spider 
poison and its effects. For this spider, as is well known, has the 
unsavory reputation of being one of the most poisonous of all spider 
kinds. The matter was given an added interest for me when Dr. E. H. 
Coleman, a young graduate in medicine beginning a practice in the 
village of Los Altos, 5 miles from the university, and registered with 
me as a graduate student, reported a personal knowledge of two cases 
of the biting of human beings by Latrodectes, both of the cases result- 
ing in an immediate serious condition of the patients. Dr. Coleman, 
in his turn, became much interested in the spider and its poison and 
besides noting and recording very carefully the effects of the poison on 
his patients, was led to the preparation of a much-diluted extract of 
the poison, with which he experimented on cats and rabbits and even 
on himself with no uncertain results, and later, under very interesting 
circumstances, on a patient suffering from angina pectoris. 
The genus Latrodectes contains several species which are scattered 
widely over the world. A species (L. nalmigniatus) of South Europe, 
is familiarly known and feared under the common name of "la malmig- 
niatte" and another species of New Zealand is called "Katipo" by the 
natives, and is also much feared. In the two American continents 
three species occur, of which the most widely distributed and abundant 
one is Latrodectes mactans, which has a range from the northern 
boundary of the United States to Tierra del Fuego. It is a common 
spider in our Southern and Southwestern states. Of the other two 
American species, one (L. curacaviensis) is recorded only from the 
West Indies and the eastern countries of South America, while the 
other (L. germetricus) is called by Petrunkewitsch a tropical species, 
but Comstock states that it has been taken in California. It certainly 
is not familiar here. 
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All the species agree in general appearance and size, the female, 
which is much larger than the male and with nearly spherical abdomen, 
while the male has a more elliptical abdomen, being about 12 mm. in 
length and sooty-black or dark brown in color, with a conspicuous 
small blotch or blotches of vivid red on the under side of the abdomen. 
This blotch or pair of fusing blotches has the rough outline of an hour- 
glass. However, it varies much in shape. The position of the spot 
and its vivid color contrasting with the sooty background are its dis- 
tinguishing characters. 
The species of Latrodectes seem to be feared wherever they occur. 
Comstock quotes Cambridge as referring to them as "those very inter- 
esting spiders which, under various local names, have been notorious 
in all ages and in all regions of the world where they occur on account 
of the reputed deadly nature of their bite." But to this Comstock says: 
"It may be added that this belief is not shared by students of spiders, 
and has probably been suggested by the strongly contrasting colors of 
the more common species which make them appear venomous to the 
credulous observers." To this I may in turn add that at least one 
student of spiders, though incomparably less experienced than Com- 
stock, does share the belief in the unusually poisonous nature of 
Latrodectes mactans. This belief is based chiefly on the notes of Dr. 
Coleman, which are printed herewith. 
But there are other printed records of presumable trouble from 
Latrodectes bites, and still other records which have been given me 
verbally from a few sources here in California, that bolster up this 
belief. The best known printed records of the effects of presumable 
Latrodectes bites in this country are those published in 1889 in Insect 
Life (vol. I, pp. 204-211, and 280-282). 
Dr. Coleman's notes of the effects of Latrodectes poison on a 
patient, on himself and on cats and rabbits are, in his own words, as 
follows: 
EFFECTS ON A BITTEN PATIENT 
Patient B. came to my office one morning at 8:15 o'clock, showing signs of 
an acute poisoning of some sort. 
The glans of the penis had been bitten by a spider while the patient was 
sitting in an outcloset. The only thing felt was a sharp sting. (The spider 
was captured so there is no doubt as to the species; it was a female of Latro- 
dectes mactans.) In about ten minutes there appeared dizziness and weakness 
of the legs, followed by cramps in the abdominal muscles. 
The patient left the field where working and started to walk to town, a dis- 
tance of a little over a mile. The pains grew worse and the penis started to 
swell and turn red. When the office was reached, the pains, of a cramp-like 
character, in the abdomen, were intense, also around the heart and thighs. 
Physical examination showed the heart to be running at the rate of 40 per 
minute, of small volume but regular. The respiration was labored. The pupils 
were dilated and face very red and congested. The penis was swollen to a 
great size, fully 3 inches in diameter at the glans, and the color was a mottled 
108 
KELLOGG-SPIDER POISON 
purple. The contractions were clonic in character, giving the greatest pain in 
the chest and abdomen. There were no pains below the knees or elbows. 
The treatment consisted of hypodermic injections of strychnin 1/40, followed 
in ten minutes by nitroglycerin 1/100. Local applications to the side of bite of 
the crystals of potassium permanganate. The heart went to as low as 27 beats 
to the minute. After three hours' work, using repeated injections of strychnin, 
the heart-rate was increased to 45. The pains were not quite so severe and 
the patient was taken home. The administration of strychnin was stopped 
and the use of brandy hypodermatically was substituted, a dose of 10 mm. being 
given every hour. Heat was applied to the feet and back. At 5 p. m., or 
about nine and one-half hours after the first symptoms, the heart-rate had been 
raised to 55 and then as the pains were still severe, a ?4 morphin with 1/150 
atropin was given. The pains eased up and the patient dropped to sleep. 
The next morning a fine rash appeared all over the body, accompanied by 
some itching. The penis had returned to nearly normal in size. The heart- 
rate was 60, the respiration 18 and deep, temperature 100. The rash disappeared 
in four days. The patient was troubled with insomnia for several days, and a 
stubborn constipation that took a very active purge to affect. 
Three years have elapsed and the patient has a heart-rate of about 64. No 
history of what it was before poisoning. Troubled with attack of insomnia 
and a marked bulimia. 
EFFECTS OF THE EXTRACTED POISON ON THE EXPERIMENTER 
The poison glands of a female Latrodectes were dissected out. The sac 
contained a very small drop of liquid of a white viscid character. The sac 
and contents were macerated in 10 drops distilled water, called solution No. 1, 
for several minutes. To this was added 100 grains of pure sugar of milk 
and the mass triturated for fully ten minutes. This was labeled No. 2. Ten 
grains of No. 2 was added to 90 grains of fresh milk sugar and triturated, 
making No. 3. Tests were made with trituration No. 3 or a 1/1,000 gr. of 
the poison in each grain; and also No. 2 with practically the same results, 
except that No. 2 was vastly stronger than No. 3. 
Using No. 3, I made powders containing 2 grains each and took one pow- 
der every hour for ten doses, or 0.002 grain poison per dose. (My condition 
before starting test was pulse 72, respiration 18, temperature 98, bowels regu- 
lar daily and no pains or aches.) At the end of ten hours no change could 
be felt, other than a decrease in heart action to 64. No powders were taken 
from 8 p. m. until 7 a. m. the second day. When 15 powders were taken, the 
heart action was 60, and a slight dull occipital headache. The bowels did 
not move at their regular hour in the morning. When 20 powders were taken, 
the heart-rate was 54, the occipital pain was quite severe, cramping pains were 
extending from the chest to the abdominal muscles, the pupils slightly dilated, 
and some distress about the heart. Again no powders were taken during the 
night; but I was very restless and could not sleep. Continued the powders 
on the third day and stopped when the twenty-fifth had been taken. The heart- 
rate was 48, temperature 99, very severe headache, clonic spasms of the thoracic 
or abdominal muscles, marked distress about the heart with radiating pains 
extending to the left arm-pit and down to the elbow; had no bowel action for 
two days; pupils markedly dilated. It seemed a perfect picture of angina pec- 
toris. The symptoms gradually subsided and in three days felt normal. I 
allowed a period of two weeks to intervene and repeated the experiment with 
the same symptom-complex picture. The trial was repeated a third time, with 
always the same results, as to occipital headache, constipation and clonic spasm 
of the muscles of chest and abdomen; also the pain and distress about the heart. 
I was unable to persuade any of my friends to try out the drug, so am limited 
to my own symptoms for a drug picture in the human species. 
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EFFECTS OF THE EXTRACTED POISON ON RABBITS, CATS AND DOGS 
Several experiments were tried on rabbits and cats with very interesting 
results. 
1. The dissected glands of one female Latrodectes containing the virus. The 
virus was macerated in 10 drops distilled water. The same was injected sub- 
cutaneously into the abdomen of a cat about 8 months old. In about five min- 
utes a series of convulsions set in of a clonic type, quickly followed by a tonic 
spasm and in ten minutes the animal was dead. 
2. A pair of glands were macerated in 10 gtts. of water and diluted to 
100 c.c. Ten gtts. of this dilution were injected into the abdomen of an 
8-months-old cat and there resulted in five minutes dilatation of the pupils, 
unsteady gait, drooling of saliva, followed by a series of clonic spasms. The 
heart-rate lowered markedly and the abdomen swelled up to a large size. The 
feces and urine were passed involuntarily. Death occurred in forty-five min- 
utes after injection. 
3. A quantity of the eggs of the Latrodectes was macerated in 20 gtts. 
of water and diluted up to 10 c.c. The injection of this solution produced the 
same typical symptoms and death to a cat 8 months old in about three minutes. 
A rabbit was killed in about two and one-half minutes. 
Ten c.c. of the same solution was injected into a dog about 2 years old and 
weighing 35 pounds, but there was no marked effects, except a lowering of 
the heart-rate; no death or convulsions. This experiment was not repeated. 
EFFECTS OF THE EXTRACTED POISON ON A CASE OF ANGINA PECTORIS 
The most interesting test of the poison was on a man 54 years of age, Mr. 
E., who had been troubled with pain and distress about the heart; pains that 
were of a constricting nature and which radiated to the arms. A good case 
of angina pectoris. A rigid position when the spell was on, clutching at any 
support, dilatation of the pupils and slow heart action. This patient had had 
several of these attacks, which continued intermittently for about one-half hour 
at each seizure. During one attack I gave one 2-grain powder of the No. 3 
trituration or one hundredth dilution and in ten minutes the attack passed 
away, leaving the patient more comfortable than after any previous attack. 
This follows the "similia similibus curantur" of the Hahnemannian teaching 
and surely worked wonders in this one instance. No opportunity to repeat the 
trial, because one month later the patient was taken with another attack of 
a similar nature and before help could reach him, passed away. 
These observations and experiments of Dr. Coleman seem to me 
to be of themselves sufficient evidence to show the really deadly char- 
acter of Latrodectes poison. But there is other evidence of similar 
import, obtained in a different way. It is the evidence from the work 
of the Germans, Sachs and Kobert, on the hemolytic effects of spider 
poison, and the isolation from the spider body of a specific poisonous 
principle named "arachnolysin," which is a powerful hemolysin, proved 
by experiment to have very definite action on the blood of various 
animals, such as rabbits, rats, mice, geese and man. 
Dr Hans Sachs (Beitrage zur Chemischen Physiologie und Patho- 
logie, vol. ii) records the results of a study of the hemolytic action of 
the poisonous principle in the body fluid and poison glands of the 
diadem spider, Epeira diadema. The author first refers briefly to the 
present status of the general knowledge of the hemolytic effects of 
spider poison. By spider poison is not meant necessarily simply the 
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secretion of the poison glands, but also that substance carried by the 
body fluids or body tissues which seems to have, as well as the specific 
secretion of the poison glands, a poisonous effect on other animals. 
The author then describes elaborately the technic by which he made 
the extraction of a poisonous principle from the crushed and macerated 
whole body of the spider. This principle, the arachnolysin, causes, 
almost immediately, a dissolving of the sensitive blood corpuscles when 
introduced into blood taken from various birds and mammals, includ- 
ing men. In its behavior the arachnolysin shows a certain analogy with 
the venom of serpents and is distinguished by its immediate effects 
from the hemolytic behavior of blood-serum which acts only after a 
longer or shorter period of incubation. Curiously enough, the diadem 
spider's poison had no effect on the blood of guinea-pigs, dogs, sheep 
or horses. Its strongest effect was on the blood of rabbits and rats, 
next on mice, next on that of man, next on that of the ox and last, 
although still fairly strong, on that of the goose. A diadem spider of 
1.4 gr. contains sufficient poison to destroy completely all the corpuscles 
in 2.5 liters of rabbit blood. This puts arachnolysin in the class of the 
strongest kinds of blood poisons. 
Arachnolysin is easily destroyed by high temperatures. If it is 
exposed to forty minutes' continual heat of from 70 to 72 C. it is 
wholly destroyed. It can withstand a temperature of 56 C. for forty 
minutes, while a temperature of 60 C. for forty minutes reduces its 
effects only slightly. It can be preserved in glycerin for months in 
full strength of effect. 
Sachs made experiments on immunizing, but they were limited 
by lack of material and he gives very little account of them. How- 
ever, he mentions that shortly before his work was finished he was 
able to produce a highly effective antitoxic serum by treatment of the 
blood of guinea-pigs with arachnolysin; 0.0025 c.c. of this antitoxin 
serum is sufficient to protect 0.05 c.c. of rabbit blood from an other- 
wise hemolyzing dose of arachnolysin. 
Kobert (Lehrbuch der Intoxicationen, 1893; and Beitrage zur 
Kenntniss der Giftspinnen, 1901) describes his studies of the poison 
of the diadem spider and also of Latrodectes. He distinguishes between 
the actual secretion of the poison glands and a toxalbumen which 
exists everywhere throughout the whole body of a spider, especially 
in the legs and the eggs. (Dr. Coleman was able, it will be remem- 
bered, to kill a rabbit in two and one-half minutes and a cat in three 
minutes by injecting a solution derived from macerating the eggs of 
Latrodectes.) The more of the toxalbumen which penetrates the 
wound, so much the stronger, according to Kobert, are the general 
poisonous effects. While the more of the actual secretion of the poison 
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glands which goes into the wound, so much the stronger are the local 
effects, especially in the case of species of Latrodectes, which "produce 
by their bite," says Kobert, "the most serious general results, and are 
capable of killing even men." The secretion of the poison glands may 
be made more dangerous by far by its mixture with the toxalbumen of 
the general body. In the case of the diadem spider, Sachs found that 
while only local irritating results are produced by its bite, it possesses 
also in its body a toxalbumen analogous to that determined by Kobert 
for the Latrodectes, which, however, does not form part of the secre- 
tion of the poison glands. In the light of this fact, Sachs holds it to 
be very probable that the hemolytic results described by him are 
practically identical with the results referred by Kobert to toxalbumen. 
Kobert describes the hemolytic working of both Latrodectes and 
diadem spider poison. He found the hemolytic effects of the latter to 
be real, but much less in degree than that of the Latrodectes poison. 
Kobert found the Latrodectes poison to be effective on dog blood 
which was one of the kinds of blood which Sachs found to be prac- 
tically immune to diadem poison, so that perhaps the Latrodectes 
poison would be found to be even more serious in the case of those 
kinds of blood which Sachs found to be affected by the diadem spider's 
poison. Kobert also determined that a certain immunity or an accli- 
matization to Latrodectes poison as well as to diadem poison, can be 
brought about. 
The results of the careful work of Sachs and Kobert prove con- 
clusively the active and formidable character of spider poison. In 
ordinary biting by spiders, a very small quantity of poison finds it way 
into the wound; not enough to trouble, in most cases, a human being. 
But with Latrodectes the poison seems more effective. A small amount 
injected by a single bite can threaten the life of a man. Probably with 
Latrodectes, as with other animal poisons, the physiological idiosyn- 
crasies of the particular man bitten play an important part in determin- 
ing the degree of seriousness of the trouble produced. Some of us are 
badly injured by a bee's sting; most of us are not. To most of us a 
rattlesnake's bite would be serious; to a few of us, it would not be. 
I can believe that the bite of Latrodectes would not be serious to cer- 
tain men; I must believe that it can be serious to some; for it has been. 
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SARCOSPORIDIA ENCOUNTERED IN PANAMA 
S. T. DARLING 
From Board of Health Laboratories, Ancon, Canal Zone. 
During the routine examination of nearly one thousand animals 
that have come to autopsy here and have been specially examined for 
parasites, Sarcosporidia have been detected in three new hosts: 
opossum,l hawk and sloth. The following animals were also found to 
be parasitized: horse, cow, hog, sheep, cat, man2 and rat, Mus. rattus 
and MIus. norvegicus.2 
Most of the sarcocysts of the common species were found to 
resemble closely those described from these animals by other writers. 
The sarcocyst of man, however, presented a different appearance from 
the one described by Baraban and St. Remy from the laryngeal muscles 
of man in that the former exhibited younger and apparently abortive 
cysts. Sarcosporidiosis appears to be far more widespread among 
various animals than has been supposed. Some host species appear to 
show a constantly high incidence of infection; others, as man, for 
example, seem rarely infected. 
The infection is a common one, but it probably has little path- 
ological significance or economic importance. It is extremely rare here 
to find an animal other than a rat visibly infected and those sarcocysts 
encountered microscopically display little or no evidence of having 
induced any tissue reaction. 
Some animals retain permanently evidences of the infection, but my 
observations in a case of infection2 of a negro lead me to believe that 
sarcocysts may be abortive and after a short residence in the muscle 
fibers disappear in various ways. 
Interest in Sarcosporidia centers in their life cycle, and considering 
the large number of infected animals accessible for experimentation, 
it is remarkable that so little light has been thrown on the subject. This 
is very largely due, no doubt, to the view that the sarcocysts are not 
pathogenic3 and are of doubtful economic importance. 
Sarcosporidia of birds have been described by Kuhn, Leidy, Rivolta, 
Barrows and Stiles,4 the following birds having been parasitized: com- 
1. Bull. de la Soc. Path. Exot., iii, p. 513, 1910. 
2. Arch. Int. Med., April, 1909. 
3. McGowan: Investigation into the disease of sheep called "Serapie." 
Blackwood, Edinburgh, 1914, p. 116, believes that "Scrapie" is due to Sarco- 
sporidiasis. 
4. See Bull. No. 3, B. A. I., U. S. Dept. of Agr., 1893. 
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mon fowl, Gallus, blackbird, raven, shoveler, spoonbill duck, mallard 
duck, grosbeak, and two Brazilian birds, Aramadis saracura and 
Ammoodromus manimbe.5 
SARCOCYST OF THE HAWK: Leucopternis sP. 
The sarcocysts were detected microscopically and had invaded the 
striated muscles of the leg, and presumably elsewhere. The muscle 
fibers of smaller size were usually invaded, for the sarcocysts in cross 
section were 29 and 20 tA in diameter, while the diameter of the muscle 
fibers nearby was only 16 ,u. 
Muscle fibers of larger size were also parasitized for one sarcocyst 
was 48 , in diameter with a limiting membrane or false capsule of 
muscle substance 6 ,u in thickness. This was not striated and was of 
lighter color than neighboring muscle fibers which were 32 / to 44 tA in 
diameter (Figs. 3 and 4). 
The sporozoites were 4.5 ,u long and 1.2 to 1.5 p' wide with a nucleus 
in one end apparently about 1.0 a in diameter. The sporozoite stains 
rather diffusedly with hematoxylin. A definite reticulum cannot be 
made out, but there are clear spaces within the sarcocyst indicating the 
presence of sporoblastic chambers. 
A few small parasites 12 u in diameter have invaded the muscle 
fibers of the heart and here they have a thin but definite limiting cap- 
sule and are located in the inner circular layer. None was seen in the 
outer longitudinal layer of fibers. 
SARCOCYST OF THE SLOTH 
The tissues of this animal Choloepus didactylus as well as of several 
other individuals were searched for sarcocysts, but not until a micro- 
scopic examination of sections of muscle was made were any found, 
the sarcocysts being found in the esophagus and muscles of limbs and 
trunk. 
The sarcocysts were always found within the muscle fiber enclosed 
in a very thin capsule. One sarcocyst measured 0.033 mm. in diameter, 
its muscle fiber being 0.051 mm. in diameter. Another occupied the 
entire width of the muscle fiber. The muscle of the esophagus was 
more highly infected than other muscles and the sarcocysts were more 
frequently found in its middle longitudinal layer of fibers. 
None was found in the heart. Not all the sections of muscle 
examined were parasitized, however, and none was found in viscera 
examined: kidneys, lymph nodes, spleen, liver and lungs. In the 
infected muscle the sarcocysts were packed with sporozoites or sporo- 
blasts, which were either banana-shaped or round. Isolated spores were 
5. See Splendore, Rev. d. Soc. de Sao Paulo, pp. 115-120, 1907. 
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examined with difficulty on account of their being so closely packed 
together in the cyst. 
Altogether the sarcocysts resembled those seen in man, opossum, 
and guinea-pig experimentally infected with S. muris. Apparently, 
there are two well-marked types of sarcocysts, those with large sporo- 
blasts seen in rat, sheep, cattle and horse, and the type with very small 
sporozoites or sporoblasts encountered in man, sloth and opossum. 
Considering the results of the experiments of Negri, and the writer, 
with "S. muris" as well as those of Erdmann with "S. tenella" in which 
there was a reduction in the size of the sporozoite encountered in the 
slibinoculated animals it seems likely that the size of the sporozoites in 
the sarcocyst may depend on the host and be irrespective of the variety 
of sporozoite inoculated. 
SARCOCYST OF THE OPOSSUM 
This remarkable parasite was found in the opossum Didelphis sp. 
distributed to the voluntary muscles and heart and also in the lungs, 
stomach, small intestine (Fig. 1), and its mesentery, pericardium, sub- 
maxillary gland, and esophagus, but not in the kidney, liver, spleen, 
pancreas, bladder, gall-bladder, external genitalia, or eye and extrinsic 
muscles. For this reason the definition of Sarcosporidia must be 
amended to include representatives which from the very start lodge 
and develop in non-muscular tissue. 
All the parasites were of one size and age. 
The attempt was made to infect guinea-pigs by the intramuscular 
inoculation of sporozoites; and in one of two guinea-pigs so inoculated 
with the opossum parasite and sacrificed sixty days after inoculation, 
Sarcosporidia were found in sections of muscle from the leg inoculated. 
The other guinea-pig, when sacrificed after a period of 146 days failed 
to disclose parasites in tissue from either leg. 
The Sarcosporidium found is believed to be of an abortive type and 
probably does not experience further development, but dies out early. 
The feeding habits of the host suggested at the time that the parasite 
might have been derived from poultry, and one out of a good many 
fowl examined, a black Orpington, contained lime-infiltrated bodies 
grossly not unlike the Sarcosporidia found in the opossum. While the 
rat, cat, hawk and other animals revealed Sarcocysts of different ages, 
in the opossum they were all of one age. Apparently there had been 
but one infecting period and no auto-infection as described by Negri 
in other forms. 
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SARCOSPORIDIA OF THE CAT 
Wasielewski6 states that Sarcosporidia have been found in the 
domestic cat, and Railliet7 quotes Krause as having discovered these 
parasites in the ocular muscles of the cat. 
A vagrant cat, much emaciated and dying of starvation, was caught 
near the laboratory. After being chloroformed it was noted that a 
large chicken bone had become wedged between the back teeth effec- 
tually preventing the use of the jaw. There was found a severe itch 
mite dermatitis of both ears and a number of intestinal cestodes and 
nematodes. 
No gross evidences of sarcosporidiosis were noted at autopsy, but 
from the size of some of the parasites detected later in sections of 
tissue the infection must have been visible macroscopically if the 
muscle had been more carefully scrutinized. 
Microscopically, there was extreme atrophy of the spleen and 
vacuolar (legeneration of renal epithelium as in starvation. Striated 
muscle contained many parasites 24 to 160 yt in diameter, the normal 
muscle fibers nearby being 24 to 40 it in diameter. There was an 
extremely delicate limiting membrane with delicate prolongations sug- 
gestive of sporoblastic chambers. The muscle substance enclosing the 
parasite was paler in color and more refractile and granular than 
neighboring muscle. In the larger parasite the sporozoites or sporo- 
blasts were in agglomerated masses. 
A few very young parasites were seen containing sporoblasts 
(Fig. 5) very much like those of .S. tenella and there was no limiting 
membrane or capsule visible. The sporozoite in sections appears to be 
about 7.5 p, by 1.5 u. 
SARCOCYST OF MAN 
This was detected during life in the biceps of a young negro.2 
Examination disclosed small sarcocysts one-third to one-half the 
diameter of the muscle fiber, distended with vesicular sporoblasts. The 
parasite was of the minute or abortive type such as Negri and I have 
found in guinea-pigs fed with sarcocysts from the rat and differed 
from those described from the laryngeal muscle of a man by Baraban 
and St. Remy in that the latter were much larger, possessed sporoblastic 
chambers, and were of a more mature type. Four months after the 
parasite had been detected, another examination of tissue showed that 
apparently they had entirely disappeared. 
SARCOCYSTIS MURIS 
This form was frequently encountered during the routine bacteri- 
ological examination of rats from Panama and the Canal Zone. The 
6. Wasielewski, Sporozoenkunde, Jena, 1896, p. 119. 
7. Railliet, Zool. Medic. et Afric., 1895, p. 154. 
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young and immature rats usually showed no signs of gross infection, 
but when muscle was examined microscopically small sarcocysts were 
sometimes detected. Out of 131 adult rats examined grossly, 15 or 
11.4 per cent. were infected. Mus norvegicus showed a higher per- 
centage of infection (10.7 per cent.) than M. rattus (3.5 per cent.). 
There was never the slightest indication of cellular proliferation or 
necrosis in the muscle fiber of the infected rats and the animals all 
appeared to be in good physical condition. 
Feeding experiments were carried out with S. muris on guinea-pigs. 
Four pigs proved negative upon microscopic examination of several 
blocks of muscular tissue, but after a period of 164 days Sarcosporidia 
were detected in sections of muscle from two guinea-pigs; the mor- 
phology, however, was different from that of the sporozoites fed from 
the rats in that the former were much smaller and resembled those seen 
in tissue from the biceps of the human case and in guinea-pigs inocu- 
lated intramuscularly with sporozoites from the sarcocysts of an 
opossum. 
SARCOCYSTIS TENELLA 
There are no sheep in Panama. Occasionally a lamb is brought in 
from Peru to be kept as a pet, but for some reason they do very poorly. 
One such lamb died and was examined at the laboratory. At the 
autopsy there was a slight amount of pericardial clear fluid, general 
glandular enlargement and splenization of the lungs. Microscopically, 
there were many epithelial necroses in the kidneys and a few small 
Sarcosporidia in muscle fibers of the esophagus 22.5 p in diameter. 
These were very young parasite and corresponded to the description of 
S. tenella (see Railliet). 
SARCOCYSTIS MIESCHERIANA 
During a histological examination of hogs that had died of swine 
fever, sarcocysts were detected in striated muscle. The hogs were red 
Jersey, Berkshires and natives, and were bred in Panama. They con- 
tained young parasites with very large sporoblasts 3 by 8 / or larger in 
sections. 
SARCOCYSTIS FUSIFORMIS 
Case 1. Material was obtained from an emaciated cow of the 
hospital dairy herd originally from the U. S. A., that had died of 
puerperal pyemia. Some large sarcocysts were seen in striated muscle. 
The muscle fiber enclosing the parasite was altered into two layers, an 
inner dark or granular layer and an outer paler layer, paler than the 
muscle nearby (Fig. 2). The sporozoites are very large and apparently 
packed in room systems. 
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Case 2. Emaciated cow, from the Ancon dairy herd, originally 
from the U. S. A. The autopsy findings were bronchial strongyles, 
liver necrosis and aneurysm of hepatic artery. The esophagus contains 
some large sized sarcocysts with a definite thin inner lining and a 
thicker grayish eosin colored capsule with radiating striations (see 
figure as in S. tenella). There is a delicate eosin staining reticulum 
making the room systems (sporoblastic chamber or capsule). 
This sarcosporidian has also been detected in muscle tissue of beef 
from Argentina. SARCOCYSTIS BERTRAMI 
An emaciated mule from the U. S. A., 14 years old, died suddenly 
without assignable cause of death. Sarcocysts with large sporozoites 
3 by 9 p with eosin staining cytoplasm were detected in striated muscle. 
DISCUSSION 
The deepest mystery surrounds the life history of the Sarcosporidia. 
Minchin says that in the present state of our knowledge the Sarco- 
sporidia would appear to be true Cnidosporidia with spores which con- 
tain each a single polar capsule and from which an amebula is liber- 
ated as in other Neosporidia. 
Theobald Smith8 succeeded in infecting mice by feeding muscle 
tissue of infected mice to non-infected animals, and while cannibalism 
and carnivorous habits may spread the infection among certain animals 
it is certainly not the way the disease is transmitted to sheep and cattle. 
Watson, according to Minchin, stated that spores are to be found in 
the circulating blood, but McGowan believes that Watson was very 
indefinite on the subject and his remarks may not bear that inter- 
pretation. 
In attempting to account for the Sarcosporidium of cattle Smith 
states "their muscle parasite is either an aberrant form from some 
invertebrate taken in with their food or else there is an intestinal stage 
. ." Professor Smith further states that he desists "from any 
further discussion not based on actual studies." 
According to Minchin,9 who follows Erdmann, the spores germinate 
in the intestines of the new host. There is a liberation of sarcotoxin 
which destroys the epithelium. Amebulae are set free which penetrate 
into lymph spaces of the submucous coat. By analogy this represents 
the planont or first stage, it is initiated by sexual processes. 
The second stage represents invasion of muscle fibers and develop- 
ment of amebulae therein, first by a multiplication of nuclei until 
about twelve nuclei are seen. The parasite becomes divided up into 
separate cells or pansporoblasts or sporonts which actively multiply 
by division. This stage is reached in forty-eight to sixty days. The 
8. Smith, Jour. of Exp. Med., vi, 1901. 
9. Minchin: An Introduction to the Study of the Protozoa, 1912, p. 422. 
118 
DARLING-PANAMA SARCOSPORIDIA 
parasite may disintegrate at this stage setting free sporonts or may 
develop into a Miescher's tube. If the former, there is wandering out 
and invading other muscle cells; in the latter development of an enclos- 
ing membrane with chambers occurs. Fully formed spores are found 
in parasites eighty to ninety days after the infection of the host. 
Thus, Sarcosporidia belong to a group of sporozoa, the Neosporidia, 
which often occur in invertebrates as in the larva of the silk-worm 
moth, and the mode of infection is contaminative, i. e., by ingestion of 
spores on leaves and by an hereditary way in which ova are infected. 
Fantham and Porter,10 in an investigation of the pathogenicity of 
Noserma apis to insects other than hive bees, found that humble bees, 
mason bees and wasps became infected. 
Cabbage plants near a badly diseased hive were found spattered 
with bee excrement. Dead larvae of cabbage-white butterflies also 
were found, whereupon it was ascertained that when this larva was 
fed on spore-infected honey-cabbage the larva became infected and 
diseased. 
Cinnabar and gooseberry moths were infected experimentally. 
Blowflies. craneflies and sheep keds were also infected experimentally. 
This investigation of Fantham and Porter's indicates that Nosema is 
capable of causing infection and disease in quite a range of invertebrate 
hosts and the wideness of the range suggests the possibility that ver- 
tebrates might be as easily infected. 
The animals most highly infected with Sarcosporidia, i. e., high 
incidence of infection, are pigs, sheep, cattle and horses, i. e., non-flesh- 
eating animals. If Sarcosporidia are obligate parasites for mammals 
and other vertebrates, the contaminative mode of infection from mam- 
malian and vertebrate hosts seems to be out of the question, for the 
spores cannot be liberated from the muscles, and, so far as we know, 
do not escape by way of the intestinal tract of the host to infect his 
environment; nor is it likely that they get into the blood stream. 
In the case of mice, rats and carnivorous animals the mode of 
infection may in part be by way of the intestinal tract through eating 
infected tissue; but the infection of sheep, cattle and horses cannot be 
explained in this way. 
On account of the facility with which herbivora may obtain and 
ingest invertebrates infected with Neosporidia, but more particularly 
flowers, leaves, etc., or water contaminated with droppings of bees, 
moth larvae, fly droppings, etc., or other material containing Neo- 
sporidia spores, is it not possible that Sarcosporidia may be sidetracked 
varieties of some of the Neosporidia of invertebrates which have 
invaded the musculature of a hospitable though by no means definitive 
host and are unable to continue further their life cycle and escape from 
10. Ann. Trop. Med. and Paras., vii, 1913, p. 569. 
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a compromising and aberrant position? The strikingly high incidence 
of infection among hogs, cattle, sheep and horses might be explained in 
this way. 
While many parasites are obligate in their host relationships there 
can be no doubt but that certain protozoa, usually parasitic in inverte- 
brates, may more or less readily succeed in establishing a foot-hold in 
the tissues of man or other mammal and cause a definite pathological 
condition therein. Take dermal leishmaniasis for example. In 1910 a 
solitary cases of this disease was detected here in a man that had been 
bitten by a tabanid fly out in the bush. Since that date some five or six 
others have been identified here by the presence of intracellular para- 
sites morphologically identical with L. tropica. Now, if L. tropica is 
an obligate specific parasite for man, it is very unlikely that Tabanids 
or other biting flies are carrying it about in the Canal Zone and only 
half a dozen cases arise in as many years. At the11 time I suggested 
that the sore was the result of an infection by an insect flagellate, and 
the subsequent incidence of the disease now emphasizes the importance 
of this view very strongly. 
Considering the infrequency of dermal leishmaniasis in this region, 
the sparseness of the parasites in many of the ulcers and the extreme 
unlikelihood of an insect being able to penetrate the tough crust of the 
ulcer or of the papule to regain the flagellate and carry it on, it seems 
unlikely, assuming that there is a specific form of the virus of oriental 
sore, that it could be propagated in a region without our being able to 
detect many more examples of it if it were necessary for its life cycle 
to be carried out in an insect as well as man. 
Under the circumstances it is far more probable that the dermal 
leishmaniasis of Panama at any rate is "a disease caused by the inocu- 
lation of one or more varieties of insect flagellates." 
If this should prove to be true then the parasites in the sore are 
permanently sidetracked in the tissues of man and have no natural way 
of continuing their life cycle in the variety of insect from which they 
originally came. It is possible that other protozoa, and among them 
Neosporidia, meet with similar fates, the latter becoming sidetracked 
in the muscle fibers as "sarcosporidia" (as well as in other tissues 
occasionally, such as that of opossum and kangaroo) and while 
attempting blindly to continue their life cycle in their vertebrate host 
have no further opportunities for completing the same. 
Experiments with Nosema or other Neosporidia would settle the 
matter at once, and I regret that no material has been encountered 
here with which these views on the probable zoologic status of Sarco- 
sporidia might be tested. 
11. Darling: Arch. Int. Med., Chicago, 1911, vii, p. 581. Proc. Soc. Trop. 
Med. and Hygiene, Lond., 1910, iv, No. 2, p. 60. 
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HENRY B. WARD 
In March, 1914, Mr. G. H. Thomson, superintendent of the Estes 
Park Fish Hatchery, Colorado, sent me a vial containing some material 
he had taken from a mountain sheep the previous December. Con- 
cerning the material, Mr. Thomson wrote as follows: 
Last December we had a very severe fall of snow so that there was five 
feet on the level, which made it next to impossible to get around, and which 
made it exceptionally hard on our wild game. I found a two-year-old moun- 
tain sheep that had been separated from the bunch by a mountain lion and was 
tired out in the deep snow; with the help of others I got it on my horse and 
brought it home with me, and have had it since that time. It has been very 
interesting but some time after I had it here I found that it had some trouble 
with its ears from scaling off and the hair came out on its head; I treated it 
with vaselin and liniment which seemed to help it but the affection seemed 
to come from its ears on the inside. They would scale off down deep in the 
ears and block up its passage; I have opened them and have examined them 
very closely but could not find out the trouble. I have examined the scale 
under a heavy glass but even then failed to find the trouble; but this morning 
a portion of the scale looked different than usual as it came from deep down 
in the ears and upon examining it very closely I found that it was filled with 
a parasite. There did not seem to be any life in them, but when I warmed them 
up a little it was simply a mass of life. I am sending you a sample of the 
scale and also the scales with the parasites upon them and trust that they may 
reach you in life. 
I should like very much to know what they are and also what the final effect 
would be on the sheep if it was upon the mountain side where it could have 
no attention. The sheep is doing well and eats well both hay and grain and 
also potato parings and most everything that I give him. 
May 18 Mr. Thomson wrote again in reply to my inquiries, as 
follows: 
From close observation of the sheep on the mountain side with a good glass 
there are not many that are affected, or if so not so badly as the sheep I had. 
I used a strong solution of carbolic acid and olive oil on the inside of the 
ear and cleaned them out so the ear cleared up, and it was that way for some 
time but they came back later and I had to treat it again. I then sent it to 
the City Park at Denver so I have not been able to follow it lately. 
The specimens arrived in good condition and were observed living 
for some time. Even at the first glance it was possible to determine it 
as a mite of the group known as Itch or Scab Mites, the Sarcoptidae. 
A study of both living and preserved material was made to determine 
more exactly the structure and relationship of the form. 
* Contributions from the Zoological Laboratory of the University of Illinois, 
No. 40. 
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The full-grown ovigerous female (Fig. 1) measured from 680 to 
750 microns in length and 425 to 545 microns in breadth; its average 
dimensions were 720 by 460 microns. Young females were 500 to 580 
microns long by 390 to 440 microns wide, or on the average 535 by 410 
microns. The male measured 490 to 570 microns long by 325 to 390 
microns in width, with an average of 515 by 550 microns. The eggs 
measured varied from 275 to 355 microns in length by 120 to 220 
microns in width; the average of undistorted specimens was 330 by 
195 microns. 
The form of the appendages can be most easily described by refer- 
ence to the illustrations, which were made from camera drawings. 
Characteristic are the jointed stalked suckers (Fig. 5) that terminate 
the first, second, and fourth pairs of legs in the female (Figs. 2, 4, 6), 
whereas the third pair ends in two long slender bristles (Fig. 8). The 
mouth parts (Fig. 3) are apparently peculiar to this form and differ 
from any figured for species previously known in the genus. One can 
readily determine the numbers and location of the fine bristles occur- 
ring on each joint of each appendage, and also on the various regions 
of the adult female, which is illustrated (Fig. 1). 
The male, which is not illustrated here, has two well-developed 
caudal lobes carrying long stout bristles. There is a conspicuous suck- 
ing disk at the base of each caudal lobe alongside the anal orifice. 
As a rule, authors have sought to differentiate species by more 
conspicuous details of structure and by the type of scab produced while 
the varieties were named after the host on which the form occurred. 
In general, very few species have been recognized, sometimes only a 
single one, but with many varieties in a genus. Ability to transfer the 
parasite experimentally from one host to another has also been accepted 
as a measure of relationship, and those forms which cannot be trans- 
ferred have been elevated from varietal to specific rank. Such physio- 
logical data are of great interest, but can hardly be accepted as ade- 
quate evidence of systematic position. When more exact anatomical 
descriptions have been written and utilized to differentiate the species, 
one can hardly doubt that some will prove to have adapted themselves 
under experiment to several hosts, and others will be shown to be 
exclusive in habit. 
If now one seeks to find morphological data to distinguish species, 
it must be confessed that the descriptions given of the different species 
and varieties of these mites are unfortunately inadequate for accurate 
determination. For the most part the details cited by various authors 
are limited to the size of individuals of various ages and sexes; but 
these vary rather widely, even at the same stage of development, and 
the different varieties overlap in size so much that one might place a 
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Camera drawings of Psoroptes cerviniae nov. sp. 
Fig. 1.-Ovigerous female in ventral aspect. 
Fig. 2.-Distal joints of leg II. X 350. 
Fig. 3.-M\andible and palp. X 350. 
Fig. 4.-Distal joint of leg I. X 350. 
Fig. 5.-Jointed stalked sucker. X 590. 
Fig. 6.-Distal joint of leg IV. X 350 
Fig. 7.-Egg. X 120. 
Fig. 8.-Distal joint of leg III. X 350. 
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given form in any one of two or three groups if that evidence alone 
were relied on. 
Many of the figures given by different authors are admirable, and 
even a superficial examination of them discloses differences in the form, 
size and armature of various appendages, such as are clearly adequate 
for the differentiation of the species. But in the text accompanying 
the illustrations these items are neither described nor compared suf- 
ficiently precisely to enable others to utilize the data for the determina- 
tion of species. This is not the place to enter upon an extended dis- 
cussion of these details. The latest monographic revisions of the 
sarcoptids leave much undecided and vague regarding the species, and 
until a further study is made of a large series of forms one can only 
arrive at a partial conclusion regarding supposed new material. 
The form under consideration unquestionably belongs to the genus 
Psoroptes, as it is described by Canestrini and Kramer (1899). These 
authors recognize only five species and confess that these are not well 
defined. The species are all named from their hosts; three Ps. bovis, 
Ps. equi and Ps. ovis produce the psoroptic scab well known on these 
hosts; Ps. cuniculi gives rise to auricular scab in rabbits; Ps. gazellae 
is extremely briefly described, and no data as to its origin and hosts 
or the disease produced are given at all. To these species must 
be added Ps. caprae. described by Railliet (1893). While the data 
given for the species are few, it seems that both because of size and 
because of the type of scab produced the form under consideration can- 
not be placed in any one of the first three species. It differs also too 
clearly from the species reported from the rabbit to be included in 
that even tho the type of the scab is the same. The measurements 
show the Colorado form is very much like Ps. gazellae and Ps. caprae, 
but the data given are so extremely scanty that one would be subject 
to criticism for basing any final decision on such incomplete evidence. 
A comparison of the figures given by various authors to illustrate 
the species might be used to supplement the few general measurements 
they have recorded. The form from Colorado appears at once to be 
clearly differentiated from any other species which is figured. These 
differences are indicated by comparing the figure given here with those 
of Psoroptes given by Megnin. Unfortunately for the purpose, all his 
illustrations seem to be made from the form found on the horse, which 
was formerly designated the typical variety of the single species in the 
genus, but is now regarded as one of the several distinct species. On 
comparison with this, the Colorado form appears to have a rostrum 
materially shorter and broader than in Ps. equi, designated longirostris 
by Mtegnin; the proportions of the appendages do not agree with those 
in Ps. equi, and the stalked suckers are distinctly shorter as well as 
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apparently more slender in the Colorado form. Moreover, the shape 
of the body is not the same in figures of the two species. While these 
are apparently minor discrepancies, I consider them adequate to justify 
fully the separation of these forms as distinct species. 
Unfortunately, no figures at all have been published for the species 
which in size most closely approximate this form. Of Ps. gazellae the 
describer (Canestrini, 1894) gives only scanty data regarding its gen- 
eral size. He says, further, that it is very similar in size to Ps. equi 
and in the type of scab that it produces to Ps. cuniculi. No data are 
furnished concerning the origin, geographical distribution, hosts or 
effects. To diagnose a species on this description would be ven- 
turesome. 
Railliet (1893) has given a more extended description of Ps. caprae 
by referring to the records of other authors. His remark that an 
analogous observation was made by Ugo Caparini on a gazelle very 
likely refers to the material which was the basis of Canestrini's 
description of Ps. qazellae. But here again precise evidence is wanting 
to determine whether the Colorado form belongs in this species, of 
which more is said later in this paper. I am of the opinion that these 
two (Ps. caprae and Ps. gazellae) are the same species, and indeed it 
is impossible from the data given to separate them save by the hosts, 
which is an unreliable method. Yet it would certainly introduce even 
greater confusion than now exists to assign the Colorado form to either 
species in the light of the present scanty knowledge concerning both. 
The wide geographic separation of these hosts and the inadequate 
evidence on which to base a demonstration of the identity of the para- 
sites together with the structural peculiarities of the Colorado form 
compel me to list the latter as a new species for which I suggest the 
name Psoroptes cervinae. 
Ear scab, or otacariasis as it has been appropriately designated by 
Neumann, is not a frequent complaint but scattered references to such 
trouble are found in the literature. In 1834 Hering found a mite in 
the dog's ear; since then it has been discovered in the same and other 
hosts and renamed many times. It seems to be fairly common in dog, 
cat, and ferret in Europe. Many observers have commented on the 
severe epileptic attacks to which the infected animals are subject. 
These are especially sudden and violent among hunting dogs engaged 
in the chase. 
This form lacks the caudal lobes on the abdomen of the male and 
has been made into a separate genus, now designated Otodectes, of 
which at least two species are known, 0. cynotis Hering and 0. furonis 
Railliet. Banks (1904:99) says that the first species has been taken 
in this country. These species are both so distinct from the Colorado 
form discussed here that confusion is unlikely. 
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The Colorado form is also a very different mite from that reported 
by Leidy (1872) which was found in the ear of an ox.* That form 
belongs to the Gamasidae or beetle mites, whereas the species under 
consideration here is grouped with the Sarcoptidae, variously called 
scab mites or itch mites. To this group belongs different species that 
produce various types of itch or scab in man and other higher animals. 
Many of those that frequent other hosts are transferable under cir- 
cumstances to man and produce on this host a type of itch which may 
be temporary and relatively insignificant or on the other hand lasting 
and difficult to eliminate. It is not known that any form of ear itch 
can be transferred to man. 
Auricular psoroptic scab, or psoroptic otacariasis, has been known 
in Europe where it was first reported by Pezas from the wild goat of 
the Pyrenees. The cause of the trouble was recognized as a mite in 
the external auditory meatus and the species was identified as Psoroptes 
comn munis var. caprae. The determination was confirmed by Pench 
and Neumann and in a second case by Megnin and Railliet. Otacariasis 
was also observed in the Congo by Mense who regarded the cause as 
a special form of Psoroptes to which he gave the name of P. congo- 
lensis. However, Gedoelst (1909) has shown that the Congo form is 
the same species of mite as that which gives rise to the disease in the 
goats of the Pyrenees, or at most in his opinion a closely related variety. 
Mense reported that the goats became deaf, refused to eat, and in a 
few months perished. According to all these authors the malady is 
serious, and the prognosis grave unless the trouble receives immediate 
attention. This is naturally excluded whenever the trouble appears 
among wild animals and in the case of such the disease will necessarily 
run its course unhindered. 
The only mention I have found of scab on the mountain sheep of 
Colorado is printed by Warren (1906:238) who writes in his section 
on the Bighorn as follows: 
"C. F. Frey tells me they suffer much from scab in the West Elk 
Mountains and that a party told him in 1901, at one place near the 
head of Sapinero Creek seventy-five head were counted which had died 
of scab. Domestic sheep have been seen in that locality, and the wild 
sheep doubtless contracted it from them." 
* In this connection I may correct a misstatement of Freund (1910), who 
says that Trouessart is in error, as all others before him, in citing the name 
of this species as Gamasus auris Leidy and that Leidy never used the specific 
name auris. To be sure Leidy did not employ that name on his first note 
(1872: 9) read at the January meeting of the Philadelphia Academy, but did 
in his supplementary reference (1872: 138) made at the June meeting. Evi- 
dently Freund did not see the original of Leidy as he cites the pages incorrectly 
as well as misstates the facts regarding the text. Leidy both described and 
named the ox ear mite. 
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This is not the same complaint as the one described in this paper, 
but is that well known among domesticated sheep and designated 
usually as common sheep scab. Salmon and Stiles (1898) have given 
an extended account of that disease. It is highly contagious and 
probably easily transmitted to susceptible wild species by means of wool, 
scab, etc., scattered over the range. Treatment is essential and very 
few animals make a spontaneous recovery. So far as has been ascer- 
tained no observer has recorded auricular scab, or any trouble caused 
by a different species. Hall (1912) states he found the common scab 
mite of sheep on a mountain sheep, Ovis nelsoni, which was suffering 
from scab in the National Zoological Park, Washington, D. C. No 
statement is made concerning the source of this infection. Since 
neither Salmon and Stiles, nor so far as I have ascertained any later 
author refers to auricular psoroptic scab, I am led to believe that it is 
at least uncommon among domestic sheep in this country. This accords 
with conditions abroad where its occurrence is noted only in the two 
regions named. 
Finally a word on the general import of the trouble reported in this 
paper. It is stated on the one hand that mountain sheep still exist in 
the United States in sufficient numbers to assure their continued 
existence if reasonable laws are enforced-except for the danger of 
disease. On the other hand little or nothing is known of the types 
of disease prevalent among these animals or the range and severity of 
the various maladies. In Colorado the Bighorn is believed to be 
increasing in numbers and this if true renders them more likely to be 
visited in that region by epizootics of some sort. Prominent among 
such are diseases of parasitic origin and the importance of calling 
prompt attention to attacks of such diseases needs no special elucid- 
ation. This is the justification for publishing a brief discussion of such 
a malady as that which has been brought to my attention through the 
observations of Mr. Thomson. 
SUMMARY 
The ear of a mountain sheep at Estes Park, Colorado, was found to 
be heavily infested with a Sarcoptid mite which was not the common 
scab mite of domesticated sheep but is new in this country. 
This form is similar to a mite found in the ear of goats in the 
Pyrenees and in the Congo. Nevertheless there is reason to consider it 
a new species and it is named Psoroptes cervinae. 
The complaint to which it gives rise is likely to be serious if its 
effects are like those of the related European form. The Bighorn has 
been very greatly reduced in numbers by other causes and this malady 
merits the closest attention as a real menace to its host. 
126 
WARD-OTACARIASIS IN THE BIGHORN 127 
PAPERS CITED 
Banks, N. 1904. A Treatise on the Acarina or Mites. Proc. U. S. Nat. 
Mus., 28:1-114; 201 figs. 
Canestrini, G. 1894. Prospetto dell' Acarofauna Italiana. Parte via, pp. 
723-772; tav. 62-75. 
Canestrini, G., und Kramer, P. 1899. Demodicidae und Sarcoptidae. Das 
Tierreich, Lief. 7, 193 pp., 31 figs. 
Freund, L. 1910. Zur Kenntnis der Ohrmilbe des Rindes. Zool. Jahrb., 
Syst., 29: 313-332. 
Gedoelst, L. 1909. Le parasite de l'otacariase des chevres du Congo. Arch. 
Schiffs.-Trop.-Hyg., 13: 150-157. 
Hall, M. C. 1912. Our Present Knowledge of the Distribution and Impor- 
tance of Some Parasitic Diseases of Sheep and Cattle in the United States. 
Ann. Rept. Bur. An. Ind., 27: 419-463; 62 figs. 
Leidy, J. 1872. On a Mite in the Ear of the Ox.-Note on Gamasus of 
the Ox. Proc. Acad. Nat. Sci., Phila., 1872:9, 10, 138. 
Megnin, P. 1880. Les parasites et les maladies parasitaires. Paris, 478 pp; 
26 pl. 
Railliet, A. 1893. Traite de zoologie medicale et agricole. Paris, 736 pp; 
494 figs. 
Salmon, D. E., and Stiles, C. W. 1898. Sheep Scab; Its Nature and Treat- 
ment. Ann. Rept. Bur. An. Ind., 14:98-165. 
Warren, E. R. 1906. The Mammals of Colorado. Colo. Coll. Publ., 
9: 225-274. 
TOCOTREMA LINGUA (CREPLIN) 
THE ADULT STAGE OF A SKIN PARASITE OF THE CUNNER AND OTHER 
FISHES OF THE WOODS HOLE REGION * 
EDWIN LINTON 
Washington and Jefferson College, Washington, Pa. 
In 1884 John A. Ryder published an account of a skin parasite of 
the cunner (Tautogolabrus adspersus). The diseased fish which fur- 
nished the material for Ryder's paper were from two localities, Woods 
Hole, Mass., and Cape Breton, N. S., and had attracted the attention 
of collectors on account of a peculiar spotted and rough appearance 
due to the presence of cysts in the skin. While Ryder did not deter- 
mine the exact nature of the animal inhabiting these cysts he concluded 
that it was most probably a flat worm belonging to the Trematoda. 
In 1889 I noted the occurrence of similar cysts in the skin of a 
cunner (Linton, 1890). The appearance of the infected fish agreed 
with Ryder's description, and each cyst opened contained an immature 
trematode. Again I recorded (1901) the finding of this parasite in the 
tautog (Tautoga onitis). Since that date I have found this parasite on 
a number of the species of fish of the Woods Hole region. They are 
of frequent occurrence on the winter flounder, tomcod and eel, less so 
on other fishes, while cunners and tautog are seldom wholly free from 
them. 
It was not until July 24, 1911, that an adult trematode was recog- 
nized as the final stage of the skin parasite. On that date I obtained 
from the intestine of the loon (Gazia imber) a large number of small 
distomes, 4,789 by actual count. Another loon was examined on Sep- 
tember 1 of the same year with similar results. It was at once noticed 
that these trematodes bore a close resemblance to the immature forms 
occurring in the skin cysts of the cunner and other fishes of the region. 
A re-examination of some cysts from the skin of fishes was at once 
made, and the young forms liberated from the cysts compared with 
adults and immature from the intestine of the loon. Details of this 
examination are given later in this paper. It is sufficient to state in 
this place that enough points of resemblance were made out to warrant 
the conclusion that the trematodes found in the intestine of the loon 
are the adult stage of some, at least, of the immature encysted forms 
found in the skin of various fishes. 
* Contribution from U. S. Fisheries Biological Station, Woods Hole, Mass. 
Published by permission of Commissioner of Fisheries. 
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These small distomes from the loon appear to be identical with the 
species originally named Distomum lingua by Creplin, as that species 
is figured by Olsson, and the anatomy of the peculiar genital sucker 
agrees with that shown for this species in the excellent description and 
figures of Jaegerskiold. Following is a description of the species based 
on my material. 
Tocotrema lingua (Creplin) Looss.--Small, body depressed, mar- 
gins, especially in the vicinity of the neck, with a tendency to fold ven- 
trally; outline varying from linear to pyriform but mostly oval, taper- 
ing toward anterior end and bluntly rounded posteriorly; greatest 
breadth, in adults with eggs, at the level of the folds of the uterus, 
which is usually at about the posterior two-thirds of the length. The 
neck is from one-half to two-thirds of the entire length of the worm, 
depending on the state of contraction, and the outline varies accord- 
ingly. Young forms without ova may be nearly linear in outline or 
broader in front of the genital aperture than behind that structure. 
Very minute scale-like spines cover the anterior part of the body 
densely. These are plainly shown on the surface and margins in front 
of the genital aperture. Behind that point they are seen with difficulty. 
The acetabulum is minute, and forms an anterior, internal muscular 
portion of the genital sucker. The genital aperture is situated on the 
median line, from the middle of the length to the posterior two-thirds, 
according to the condition of contraction of the neck. 
The oral sucker is subterminal and its aperture is circular. There 
is a very short prepharynx followed by the pharynx which is longer 
than broad, oval-elliptical, its length about equaling the diameter of the 
oral sucker. The slender esophagus is longer than the pharynx and 
may be more than twice as long. The forks of the intestine are slender, 
simple, and extend to the posterior end of the body. 
Near the posterior end of the body are the two testes which are con- 
tiguous, diagonally placed, and, as seen in compressed specimens, dis- 
tinctly lobed. In uncompressed individuals the lobes of the testes are 
often indistinct. The vas deferens is obscured by the folds of the 
uterus so that its course is difficult to trace. In a few specimens, which 
had a smaller number of ova than are found in most cases, a tubular 
seminal vesicle could be made out lying in a few loose folds dorsally 
behind the genital sucker. It terminates in an ejaculatory duct which 
lies in the dorsal portion of a short, papillary cirrus-like body (kegel- 
f6rmiges korper of Jaegerski6ld) and empties into a genital sinus on 
the anterior margin of the cirrus-like body. The latter is surrounded 
by the muscles of the genital sucker. At the anterior margin of the 
right testis lies the relatively large seminal receptacle. In some cases 
this is nearly circular in outline; in others it is oval with the longer 
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diameter transverse. In sections it is seen to extend from the dorsal 
to the ventral wall of the body, but in the whole mounts it is perhaps 
more clearly seen in dorsal than in ventral view. 
Along the anterior margin of the seminal receptacle is the ovary, 
which may be in part obscured by the folds of the uterus. When the 
worm is flattened and the ova are not too numerous the ovary is seen 
to be distinctly lobed. The ovary, seminal receptacle and testes there- 
fore are massed together near the posterior end of the body. The folds 
Fig. 1.-Adult specimen of Tocotrema lingua from Loon; dorsal view, in 
balsam. Length 0.84 mm. a, surface spines, 0.001 mm. long. 
Abbreviations Used in Figures: de, ductus ejaculatorius; ex, excretory ves- 
sel; ga, genital aperture; gp, genital papilla; gs, genital sinus; i, intestine; 
m, ventral sucker; o, ovary; ov, ovum, ova in uterus; pr, prostate; sr, seminal 
receptacle; sv, seminal vesicle; t, testis; v, outlet of uterus; vd, vas deferens and 
seminal vesicle; vg, vitelline glands. 
130 
LINTON-TOCOTREMA LINGUA 
of the uterus are crowded between them and the genital aperture, the 
ova appearing as a golden yellow mass which extends nearly from 
margin to margin. The ova are oval-elliptical and, compared with the 
small size of the worm, are of good size. The terminal portion of the 
uterus opens into a cleft or sinus at a point adjacent to and dorsal to 
the opening of the ejaculatory duct. The genital sinus lies in front of 
the organ, called in the explanation of figures the genital papilla, 
(Figs. 4, 5, 6, gp), communicates anteriorly with the ventral sucker, and 
ventrally with the genital aperture. The genital sucker is surrounded 
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Fig. 2.-Sections thru dorsal portion of genital sucker; 
transverse; C, sagittal. 
A, horizontal; B, 
by a somewhat triangular area of cells which are probably prostatic. 
The vitellaria are diffuse and fill the posterior and lateral margins of 
the body to a point in front of the genital aperture where they meet on 
the median line. 
The excretory vessels were not completely made out. An excretory 
pore was distinguished situated dorsally at the posterior end of the 
body. From it a vessel was traced which passed between the testes. 
Transverse sections show a small lateral vessel on each side of the neck 
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region, but not distinctly enough to admit of satisfactory recon- 
struction. 
A nerve mass lying dorsal to the pharynx, with short anterior 
branches, and lateral nerves traceable posteriorly to the anterior 
borders of the vitellaria are visible in many of the stained and mounted 
specimens. 
Fig. 3.-A. Young specimen from Loon; dorsal view, in balsam. Length 
0.55 mm. B. Young distome from cyst in skin of cunner, in balsam. Length, 
0.7 mm. 
Dimensions of a living specimen in millimeters: Length 0.75; 
maximum breadth, 0.35; diameter of oral sucker, 0.07; ova, 0.04 
by 0.02. 
A specimen flattened under the cover-glass had the following 
dimensions: Length, 1.40; maximum breadth 0.70; diameter of oral 
sucker, 0.09; pharynx, length 0.04, breadth 0.03; ova, 0.047 by 0.023; 
genital sucker, 0.56 from the anterior end; bifurcation of the intestine 
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midway between anterior end and genital sucker. Following are 
lengths and breadths of ten specimens taken at random from a large 
number mounted in balsam: 
Length, 0.70 0.97 0.76 0.80 0.55 0.80 0.76 0.67 0.72 0.64 
Breadth 0.32 0.20 0.35 0.28 0.22 0.30 0.27 0.22 0.28 0.32 
The above measurements were made of specimens from the loon. 
Following are dimensions of four specimens taken at random from a 
considerable number mounted in balsam, from the herring-gull: 
Length 1.32 0.84 1.52 0.91 
Breadth 0.40 0.33 0.48 0.33 
Following is a record of the finds of Tocotrema lingua at Woods 
Hole. Some of these were made in 1904, but were not given special 
attention at the time of collecting. 
Colymbus auritus: Feb. 8, 1912; 1. 
Gavia imber: July 24, Sept. 1, 1911; very numerous on each date. Feb. 21, 
1914, 2, immature. 
Larus argentatus: Feb. 16, 17, 1912, numerous on each date. July 22, 1912, 
252; Sept. 4, 1912, few. Jan. 22, 1914, 150; April 29, 1914, 1; Sept. 28, 1914, 1. 
Larus atricilla: Aug. 12, 1904, 27 from one gull, 86 from another. Aug. 15, 
1913, 18 from one gull, 6 from another. 
Nyctocorax nictocorax: July 15, 1913; few, immature. 
Sterna dougalli: Aug. 3, 1904, 1; Aug. 12, 1904, 21. 
Sterna hirundo: Aug. 5, 1904, 1. 
The specimens recorded for January and February are from the material 
collected by Vinal N. Edwards. 
Young trematodes (Fig. 3B) from cysts taken from the skin of 
cunners, tautog, and other species of fish, were compared with speci- 
mens of Tocotrema lingua from the loon and other fish-eating birds 
with the following results: The body in each case was covered with a 
dense coat of minute scale-like spines of similar appearance; oral 
sucker, prepharynx, esophagus and intestinal rami agree; rudiments of 
genital sucker, genital papilla, testes, ovary, sperm receptacle and 
vitellaria agree in relative positions to the finished structures in the 
adult. Furthermore nothing was seen in the one that contradicted any 
point in the other. 
A few immature specimens were found among the adults in the 
final hosts (Fig. 3A). These agree very closely in form with those 
removed from cysts in that the neck is wider than the posterior third 
of the body. With the maturing of the testes and ovary and the 
accumulation of ova in the uterus the posterior third becomes normally 
wider than the neck. 
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SUMMARY 
Certain trematodes encysted in the skin of the fishes of the Woods 
Hole region are the young of an adult which lives in the intestine of 
the loon and other fish-eating birds. 
The identification of these encysted distomes with Tocotrema 
lingua renders Stafford's name (Dermocystis ctenolabri) for these 
encysted forms inapplicable. 
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THE HABITS, LIFE HISTORY, AND STRUCTURE OF A 
BLOOD-SUCKING MUSCID LARVA (PROTO- 
CALL1PHORA AZUREA)* 
ALBERT F. COUTANT 
While studying the blood parasites Halteridium and Proteosoma, 
and the Filaria of the common crow (Corvus americana), my attention 
was attracted by an external parasite of some young nestlings which 
were brought into the laboratory. Observations on this parasite, which 
proved to be the larva of Protocalliphora azurea (Fall.), form the basis 
of this paper. The parasite is the immature form of one of the 
so-called "blue-bottle" or flesh-flies, whose larvae are generally 
regarded as useful scavengers. More careful observations on the life- 
histories of many species, however, have shown that they may be, 
and often are, parasites of the higher animals. 
The work was undertaken with the double purpose of seeking 
further knowledge of this parasitic habit of certain Sarcophagidae 
and of increasing the knowledge of the systematic characters in the 
group. It was carried on in the Entomological Laboratory of Cornell 
University under the direction of Prof. Wm. A. Riley, to whom I 
am gratefully indebted for continued suggestion and aid. I am also 
indebted to Prof. 0. A. Johannsen, whose aid in the systematic part 
has been invaluable. 
HABITS OF THE LARVA 
On June 13, 1914, two young crows were brought to me. They 
were from the same nest and from comparison with others which I 
had reared, I judged them to be about five weeks old. They were put 
in a cage separate from my other crows, and seemed quite normal, 
save for fright. Three days later, however, one of them died and a 
post-mortem examination was made. Crawling among the feathers I 
discovered several larvae which looked in general like those of the 
Muscidae. They were from four to nine millimeters in length and 
were wriggling actively among the feathers, as if accustomed to this 
habitat. None were seen actually attached to the bird and feeding. 
The surface of their bodies was not a white or creamy color, as are 
the bodies of most of the blow-fly larvae, but was more the color of 
dirt. The contents of the alimentary canal showed through the skin 
dull-red, giving the whole larva a brownish-red appearance. Eleven 
* Contribution from the Entomological Laboratory, Cornell University. 
THE JOURNAL OF PARASITOLOGY 
specimens were found on this bird. Most of them were among the 
feathers of the abdomen and were quite dry, but three were found in 
one ear cavity and were moist. The ventral part of the body of the 
crow had a number of small scab-like spots on it where the larvae 
had been feeding. 
From the color of the alimentary canal of the larvae, I judged them 
to be blood-sucking, although this habit is not common in the larvae of 
this family. To test this I cut one in half and smeared the contents 
of the alimentary canal on a slide. Examination with the microscope 
proved conclusively that the alimentary canal was full of corpuscles of 
crow's blood. The crow, on further examination, proved to have died 
of malarial fever and there were enormous quantities of Halteridium 
in its erythrocytes. On discovering this I returned to the study of the 
blood from the larva's intestine, using an oil immersion lens, and think- 
ing to find out whether the malarial parasites might become sexually 
mature here and give off the motile microgametes, as they do in the 
stomach of the Anopheles mosquito. I found no indication that this 
occurred. 
Afterwards the floor of the cage under the straw was examined, 
and in the dirt I found forty or fifty more of the larvae, of various 
sizes and ages, crawling vigorously. All of them had more or less 
vertebrate blood in them, some of the larger ones having less than the 
smaller ones. From this I infer that the larvae are intermittent feeders, 
probably spending most of their time in nature in the dirt and more 
compact part of the bottom of the nest. The same day while feeding 
and holding in my hands the other crow from this nest, I observed one 
of the larvae clinging by its anterior end to the tibio-femoral joint of 
the crow's leg. Before I could examine it closer, the bird began to 
struggle and the larva released its hold; so I could not see the process 
of ingesting blood. Subsequently I placed larvae on my arm and in 
the hairs under the armpits, but they seemed very sensitive to handling 
and would not settle down to feeding. I made a number of attempts to 
rear the larvae on fresh and putrifying meat, flesh and liver of the crow, 
and beef. All of these experiments resulted negatively, except that 
one larva lived to pupate and died in this stage. 
On the same day the larvae were found, I secured two young chicks 
of about the same development and allowed two maggots to crawl into 
each ear cavity, making eight larvae in all. They seemed to irritate 
the birds, and soon the latter began to shake their heads and scratch 
their ears. In this way one of them succeeded in digging the larvae 
out of one ear, but the other six remained well in. I also tried to 
make the larvae "take hold" of the skin under the feathers of these 
birds, but they dropped off as soon as the chick shook itself. 
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Two days later one of the chicks died but post-mortem showed the 
cause of death to be a tumor in the left cerebral hemisphere, not con- 
nected in any way with the experiment. One larva was found in the 
right ear of this chick, the only one left of the four put on it, and 
this one died soon after without reaching maturity. 
The fourth day after putting in the larvae, I examined the remain- 
ing bird's ears with a soft probe. Both cavities were free of larvae. 
The chicks had been kept in a case with a false wire bottom, two 
inches below which was the true bottom covered with half an inch 
of soil so that if the larvae emerged they would not be eaten by the 
chick but might pupate. After finding that the larvae were not in the 
ears, the soil of the cage was gone over carefully but no larvae or 
pupae were found. 
Some of the larvae, especially the larger ones, were left on the floor 
of the crow's cage and the nest was not cleaned up. Eight days later 
tell puparia were found under a large piece of paper on the floor of 
the cage. As the cages were screened from other flies, these must 
have come from the same larvae. Furthermore, they were identical 
with the one larva which did pupate in the laboratory. The pupae 
were in quite a dry place, away from the wet fecal matter of the cage. 
They were removed to a stender jar and kept moist with a wet filter 
paper hung in the top of the jar. 
In the hope of learning more of the habits and distribution of these 
larvae, I began visiting birds' nests in the vicinity of Ithaca. I went 
first to the crow's nest from which the infected birds were taken, just 
one week after their removal. Crows' nests are from one and a half 
to two feet in diameter; six inches to a foot deep, and contain a large 
quantity of rich moist earth below the grass which lines the nest. They 
are seldom used more than one year. I examined the debris and earth 
of this nest carefully but found neither larvae nor pupae of the form 
I was seeking. Subsequently I examined three other crows' nests but 
found none of the parasites. I have also examined seven swallows' 
nests (Hirundo erythrogaster), all but one of which still had young in 
it. These also had no larvae. In a house-wren's nest (Troglodytes 
aedon) in a hollow stump, one anthomyid larva was found, but no 
Protocalliphora azurea. Two sparrows' nests (Passer domesticus) 
yielded negative results, as did the examination of one robin's nest 
(Merula migratoria). 
An instance of what was very probably an infection of Proto- 
calliphora was reported to me shortly after this by Mr. W. D. Funk- 
houser. While walking in the woods he found a nestling chipping spar- 
row (Spizella socialis) lying in the path. The bird was quite old, 
almost fully feathered and he could not think what ailed it. As he 
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held it in his hand a small dipterous larva crawled out from beneath 
the skin of the neck back of the ear. It was about a quarter of an inch 
long, and seemed to him of a whitish color. Mr. Funkhouser had no 
place to keep the larva so he did not save it. He brought the bird home 
but it died after a few hours and was not examined further. 
At the time these observations were made I had no idea that sim- 
ilar ones had been recorded before. They immediately suggested, how- 
ever, the case of the Congo floor maggot, Auchmeromnyia luteola 
(Fabr.), which is also blood-sucking in its habit. The larva of this 
muscid, which is quite widely distributed in Africa, especially in the 
Congo region, parasitizes the natives by piercing the skin and sucking 
the blood. From the account of its habits given by Dutton, Todd, 
and Christy it appears to be an intermittent feeder, just as Proto- 
calliphora, living in the soil on the floor of the huts and feeding at 
night when the natives are sleeping on the ground. Roubaud (1913) 
mentions several species of the genus Choeromyia which occur in the 
Soudan and Timbuctoo regions, whose larvae have similar habits, and 
suck the blood of aard-varks and wart-hogs. But I was not aware 
that the occurrence of a blood-sucking larva on birds had been reported 
until the adult flies had emerged. Then on identifying them, I found 
the following accounts of the larval habits of this species. 
The most careful discussion is given by Leon Dnfour (1846). In 
the spring of 1845 he accidentally discovered some larvae on some 
young swallows in a wooden box-nest in his garden. He found many 
more of the larvae and some pupae on the floor of the box and on the 
ground beneath, and reared the adults. He noticed the "short and 
fine downy velvet" of the integument, which gave it a grayish appear- 
ance, and the "footless and headless" character, and soon guessed the 
larva to be a parasite. He dissected several specimens and found the 
alimentary canal full of a dark-red fluid which looked like blood, so 
he inferred that they were blood-sucking in habit. But he did not 
definitely know this and in fact was not completely assured of it, 
because he thought parasitism by such a large number of maggots, 
would almost necessarily affect the health of the young birds; but this 
was not the case, as the latter matured and flew. The same old pair 
of swallows had a second brood in mid-August which were less numer- 
ously parasitized than the first litter. 
Scheffer is reported by Rossi in 1848 to have taken the larvae 
of this species from a brood of larks. The larks died. Kirsch in 1867 
describes what are apparently the larvae of P. azurea crawling 
out of the neck of young sparrows. He did not rear the adults. 
Nowicki in 1867 also took the larvae from young sparrows. 
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Brauer in 1867 took Protocalliphora azurea "subcutaneously" 
from nestlings of a swallow (Hirundo rustica) and P. chrysorrhea 
(Meig.), a closely related species from Hirundo riparia. According 
to Strobl in 1894 Schieferer took from the grass of a raven's nest 
ten specimens of P. chrysorrhea, both male and female. 
In this country Henshaw (1908) notes the occurrence of Proto- 
calliphora chrysorrhea on two successive broods of blue birds in Massa- 
chusetts. The infestation was so severe that of eight nestlings only 
one survived. 
Du Buysson (1912) attempted to verify Dufour's observations. He 
found the larvae on swallows June third and obtained pupae, but these 
had failed to emerge on August 23. He thought that they were resting 
and would emerge the following spring, but they were probably dead. 
Rodhain (1914:213) reports finding the larvae and pupae of a muscid 
in the nests of the grey-headed sparrow (Passer griseus) at Bambili 
in the Congo. He found that these larvae contained avian blood. They 
were reared but.the adult fly had not been determined. It is not, he 
says, a species of Cheiromyia [misspelling for Choeromyia?]. 
CONCLUSIONS REGARDING THE HABITS OF THE LARVAE 
1. Dufour's suggestion that the larvae sucked the blood of the host 
is definitely proved by my microscopic examination of the contents of 
the alimentary canal. 
2. The larvae play no part in the transmission of the malarial 
parasite. 
3. They are intermittent feeders. This is based on the following 
facts: a) Many more larvae were found on the floor than were actually 
on the birds. b) They seemed perfectly at home there, and moved 
about in the refuse and on the dry floor quite naturally. c) They were 
very excitable, and would not settle down or take hold on a bird which 
struggled and were easily shaken off by the chick. d) One found 
feeding on a crow which was quiet, immediately released its hold and 
dropped to the floor when the latter became active. 
4. The larvae prefer rather dry places to moist ones and are there- 
fore not accustomed to living in decomposing or fecal material. 
5. The larvae do not feed on solid flesh, either fresh or decayed, 
although they may (Kirsch, Brauer and Funkhouser's observations) 
bore in living tissues. 
From these conclusions it is evident that the species Protocalliphora 
azurea is a blood-sucking parasite on nestling birds, that this habit is 
normal, not accidental, and that its effect on the host varies, in some 
instances (Schiffer, Henshaw) being fatal, in other cases (Dufour, 
my own observations) apparently not affecting the birds' health at all. 
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The parasitic habit of this species shows a further step in specializa- 
tion among the larvae of the Calliphorinae. Some members of this 
group, as flies of the genus Pycnosoma, live only on the rich decom- 
posing organic excrement from man and other animals and are there- 
fore quite free-living. The next step may be represented by the species 
of blow-flies, Lucilia, Calliphora, -Iomalomyia, etc., which usually live 
in dead and decaying animal flesh. The tendency towards the parasitic 
habit is shown, however, in their accidental or facultative parasitism 
of the higher animals when they find an open sore or decomposing flesh 
near the living tissue. In such cases they cause myiasis just as do the 
more usual skin maggots (Chrysomyia, Cordylobia, etc.). The members 
of the genus Chrysomyia carry this habit further and usually develop 
in living flesh, wherever there is an abrasion of the skin or bleeding 
surface, though they can live in decomposing matter. The genus 
Cordylobia contains the "Thumbu fly" of Africa, C. anthropophaga, 
which normally gains access to and settles down under the skin, show- 
ing that it has become exclusively parasitic. Parasites which live on the 
cutaneous and connective tissues, however, have scarcely attained to 
as high a degree of perfection in the parasitic habit as those which 
live on the blood, the most nutrient tissue of their host. The extreme 
of parasitism in this group occurs, then, in the larvae of those genera 
which always puncture the skin and suck the blood of their host. Of 
these there are but three genera known, the two in tropical Africa, 
Auchmeromyia and Choeromyia, and the genus Protocalliphora which 
has been found in Europe and North America. The length of life of 
the larva is probably between fourteen and twenty days. 
STRUCTURE OF THE LARVA 
Weismann in 1864 believed there were three larval stages or instars 
in the blow-fly (Calliphora). Hewitt (1908) has shown that there 
are three in the development of Musca domestica, and this is generally 
thought to be the number in the Muscidae. I presume that there are 
three larval stages in Protocalliphora azurea, although I have found 
larvae in the last two stages only. The structure of the larva is essen- 
tially the same as that described for the Muscidae and is best described 
by reference to the accompanying drawings (Figs. 1 to 5). 
The larvae are 6.0 to 7.0 mm. in length in the second instar and but 
little larger after the moulting. I find that there are but twelve 
segments in the larva. The first of these, called by Henneguy the 
"pseudo-cephalon," corresponds to the head of the more generalized 
larvae, although in the Muscidae it is very much degenerated. In 
Protocalliphora it is small, membranous, and not covered with spines, 
as the following segments are. It differs from other larvae of the 
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muscid type in that it is completely retractile, the entire segment being 
reflected, as Dufour says, "like turning a glove outside in," when the 
larva is sucking. When extended it is divided on the ventral side by 
the pharyngeal cavity from the dorsal edge of which the two mandibu- 
lar hooks project. On the dorsal aspect the two halves of the segment 
are united over the hooks, and the lateral portions project cephalo- 
dorsad in two pairs of small tubercles. 
The mandibular hooks (Fig. 2) are the distal sclerites of a large, 
chitinized structure which extends back in the body as far as the second 
or third segment, and which is the chief prehensile organ of the larva. 
It is made up of several sclerites and is termed by Hewitt in the house- 
fly the "cephalopharyngeal skeleton." The mandibular sclerites are 
two in number in Protocalliphora, as in Calliphora (Lowne) but in 
w r- 4r CO 0 
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Fig. 1.-Ventral aspect of second and lateral of third instar. X 10. (A) 
anus; (ap) abdominal pad; (asp) anterior spiracle; (At) Anal tubercles; 
(Ct) caudal tubercles; (Ip) lateral pad; (ms) mandibular sclerite; (psp) pos- 
terior spiracle; (st) sensory tubercles. 
Musca domestica there is but a single median sclerite according to 
Hewitt. The remaining segments of the body present the peculiarity 
of being more or less covered with rows of sharp-pointed, hard, chitin- 
ous spines or scales. This spiny coat gives the larva the characteristic 
dirty brown color and velvety look previously mentioned, instead of the 
smooth creamy-white appearance which most muscid larvae have. In 
the second instar the spines are minute and some distance apart but 
after the next moult they are much larger and more closely packed 
and form a veritable coat-of-mail. 
I believe that the second, third, and fourth segments correspond to 
the pro-, meso-, and meta-thorax, respectively, agreeing with the inter- 
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pretation of Weismann, Brauer and Lowne. There is no evidence on 
any of my specimens of a constriction dividing the second segment into 
two, as Hewitt found in the house-fly, and the arrangement of spines 
may be taken as an additional indication that this is but a single 
segment. 
Extending cephalad from under the anterior margin of the third 
segment on the two lateral sides of the larva are the anterior spiracles 
Fig. 2.-Cephalo-pharyngeal skeleton in dorsal and lateral aspects. X 75. 
(dc) dorsal cornu; (hs) hypostomal sclerite; (Is) lateral sclerite; (ps) para- 
stomalsclerite; (vc) ventral cornu. 
a 
,~a / - 
Fig. 3 
Fig. 3.-Anterior spiracles of 
X 125. 
Fig. 4.-Posterior spiracles of 
instar, X 250. 
Fig. 4 
larva; (a) second instar; (b) third instar. 
larva; (a) second instar, X 125; (b) third 
(Fig. 3). They are small and probably not functional in the second 
instar, but in the third stage present ten well-developed ostioles or 
papillae, covered by a delicate membrane. Each ostiole has several 
small pores in it which apparently are functional. 
The fifth to the twelfth segments correspond to the abdomen. Each 
segment has on its ventral side, near its cephalic border, a transversely 
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elongate, oval, elevated pad. These "locomotory pads" (Hewitt) are 
homologous to the abdominal prolegs of lepidopterous larvae. In 
addition on the sides of the body there is between each of the segments 
except the last two, a small but constant spindle-shaped lateral piece 
(Fig. 1). 
The twelfth segment is considerably modified by the posterior spir- 
acles and the anus; its form and the arrangement of structures may be 
readily made out by reference to the figures. The posterior spiracles, 
two in number, lie in the depressed quadrilateral area of the segment 
which looks dorso-caudad. There are two large elongate ostioles, sur- 
rounded by a chitinous ring, in each spiracle during the second instar 
but there are three ostioles in the third (Fig. 4). 
- At 
A 
Fig. 5.-Caudal aspect of larva; second instar. X 20. (It) lesser tubercle. 
THE PUPA 
The larvae when ready to transform, apparently leave the more 
occupied parts of the nest in the vicinity of their food-supply and seek 
a dry, quiet portion, usually at the bottom. They seem to transform 
normally in such places, instead of in the earth as most of the Sar- 
cophagidae do. 
The adult emerges from the frontal end of the puparium as in all 
of the Cyclorrhapha. First a longitudinal slit is made in a frontal 
plane extending caudad from the larval mouth-opening in a line which 
passes just ventrad of the anterior spiracles. When this slit has been 
extended as far as the fifth segment, the dorso-ventral pressure on the 
two portions is so great that a circular splitting commences. This 
begins at the lateral faces of the fifth segment and extends dorsad 
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and ventrad far enough to allow the two anterior portions to spread 
apart as the fly emerges. They then spring back into place and usually 
remain attached, each portion connected to the rest of the puparium 
by a small part of the dorsal and of the ventral walls, respectively. 
Dufour noticed the longitudinal split on Protocalliphora, but thought 
that it occurred secondarily to the circular splitting. 
Whether this manner of splitting occurs in many of the Cyclor- 
rhapha or not is difficult to say. Most writers remark that the flies 
emerge by splitting off a circular "cap" at the anterior end. Hewitt 
however, in a careful study of the house-fly states that "the fly pushes 
off the anterior end in dorsal and ventral portions . . ." "The 
splitting of the anterior end of the pupal case is quite regular, a circu- 
lar split is formed in a line below, i. e., ventral to the remains of the 
anterior spiracular processes of the larva." 
Professor Johannsen states that in all the individuals of the Calyp- 
terae whose puparia he has noticed, including Sarcophaga, Lucilia, 
Calliphora, and Musca, the "cap" is always split in a diametric line as 
well as circumferentially. 
The size of the puparium varies from 6.0 to 9.0 mm. in length, 
from 2.2 to 3.4 mm. in width (laterad) and from 2.1 to 3.2 mm. in 
depth (dorso-ventrad). Its general shape is that of a typical muscid. 
However, the puparium of azurea is not shiny, like that of Musca, 
Muscina, Lucilia, etc., but has a dull, blackish, and soft or velvety 
appearance. It is light brown, slightly reddish in color when held 
towards the light, but when looked at by reflected light it has a very 
dark or black color. This dull dark appearance is caused by the rows 
of spines of the larval skin, which have already been described. The 
length of the pupal life in my experiments was about ten days. 
THE ADULT 
The adults were kept in a good-sized breeding-cage with moist earth 
and some pieces of meat, both fresh and putrid, and were fed on crack- 
ers and milk, which they ate readily. They were not attracted to the 
flesh at any time, as other blow-flies are, and preferred the crackers 
and milk for food. It is evident, therefore, that the adults as well as 
the larvae are quite different in their habit from the commoner Calli- 
phorinae. 
Both Protocalliphora azurea and P. chrysorrhea, which is closely 
related to it in structure and habits, are recorded by collectors and 
dipterologists as "rare" or "very rare," and specimens are found only 
in the larger museums and collections. I am inclined to think, however, 
that they are not so rare as is generally supposed, but that the adults 
are peculiar in their habits, flight, etc., and for this reason are rarely 
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taken. From the habits of the larvae we would scarcely expect to find 
the adults around dung-heaps, decaying flesh, and similar places where 
the Calliphorinae are usually sought for. Few collectors, I imagine, 
have taken insects very often from the zone of air from fifty to one 
hundred feet above the ground, in the woods; yet from the habits of 
the larvae, this is where we would naturally expect that the adults 
would occur. And the contents of birds' nests have not been studied to 
any appreciable extent from an entomological point of view. It seems 
probable, therefore, that they may be fairly common in spite of the 
few times they have been taken. 
Protocalliphora azurea has been reported from two or three places 
in France and a few places in Germany and Italy, and Walker reports 
one specimen in the British museum collection. In North America 
Hough declares the species "very rare." Mr. C. W. Johnson has kindly 
noted for me, however, that there are three specimens in the collection 
of the Boston Society of Natural History, all taken in New England 
within the past few years. 
In its parasitism the species is not limited to a single host but it 
seems to occur more frequently among the birds which build more 
protected and stable nests, as in boxes of earth, etc. 
The species was first described by Fallen in 1816 under the name 
Muisca azurea. Meigen listed it under the same name in Systematische 
Beschreibung. In 1845 Dufour, on the authority of Macquart, gave the 
species which he had reared the name Lucilia dispar. Schiner in Fauna 
Austriaca described Fallen's species as Calliphora azurea and remarked 
that after comparing Dufour's specimens he determined that Lucilia 
dispar is a synonym of Calliphora azurea. Rondani classified the 
species azurea as belonging to the genus Pollenia. Finally, Hough in 
dividing up the North American genera of Calliphorinae created a new 
genus, Protocalliphora, and takes as the type species the one under 
present consideration, the Musca azurea of Fallen. Two years later 
Hcndel, unaware of Hough's work, recognized the same differences and 
erected the genus Avihospita. The latter therefore falls as a direct 
synonym of Protocalliphora. 
Since the species has not been taken often, and since no very 
detailed description of the adult is available, I offer the following 
additions to the specific characters which other authors have given 
size, 7.6 to 10.0 mm.; head, in the female, twice as broad as long, and 
as broad as the thorax and abdomen (from 2.5 to 3.0 mm.). The 
second segment of antennae is reddish-yellow with large black hairs; 
third segment, including the arista, black. (Hough states that the 
antennae are black, without noting that the second segment is always 
brown or yellow). The median half of front, from vertex to antennary 
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fossa, is clothed with soft short black hairs, giving it a downy appear- 
ance; each lateral quarter of front is scaled with comparatively large 
white scales. The cheeks (bucca) are metallic blue, with a rather 
sparse, coarse black beard; palpi are moderate-long, reaching to the oral 
margin, and reddish-yellow in color throughout (sometimes quite a 
dark brown); they are clothed with black hairs which are quite long 
towards the apex. 
The chaetotaxy of the head is as follows; ocellar pair of macro- 
chaetae, mid-way in each ventral side of the ocellar triangle present, 
besides several microchaetae within the triangle; two pairs of verticals 
present, the inner pair larger, convergent, and decussating near the 
tips, the outer pair divergent; in front of, and between the verticals, 
is a pre-vertical bristle. There are two pairs of fronto-orbitals. The 
/adc,\ 
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Fig. 6.-Dorsum of thorax in adult. X 10. (adc) anterior dorso-centrals; 
(aidc) anterior inner dorso centrals; (aia) anterior intra alar; (dsc) dorsal 
scutellar; (h) humerals; (ia) intra alars; (pdc) posterior dorso centrals; 
(pidc) posterior inner dorso centrals; (ph,) post humerals; (pa) postalars; 
(pr ap) pre-apical; (ps) pre-sutral; (sa) supra alars; (sc b) scutellar bridge; 
(sq) lower squama-squamula thoracalis; (u sq) upper squama-squamula alaris. 
row of frontal bristles is fairly constant and well-developed, usually 
nine, sometimes eight or ten. I have no specimens of the male. 
The thorax is a lustrous metallic steel blue color, throughout. On 
the dorsum, however, this blue color is overlaid by a fine whitish bloom, 
which covers most of the mesonotum, except in definite areas where the 
blue shows through. These areas are indicated on the drawing of the 
thorax (Fig. 6). The squamae are prominent, whitish-colored, and cov- 
ered with a very fine down on both surfaces, with a fringe of longer 
hairs around the edge. The legs are black; the halteres white. The 
(. ts 
e e. legs  . 
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wings when at rest are folded over the abdomen, their outer (anterior) 
margins parallel to the body. The wing venation is very constant in 
the smallest details, and is as described in other works. 
The position and numbers of the various macrochaetae which are 
constant on the thorax in this species may be seen from the accom- 
panying drawings (Figs. 6, 7). They are as follows: on the dorsum, the 
anterior inner dorso-centrals (acrostichals), composed of four well- 
developed macrochaetae (a idc, in figures); the posterior inner dorso- 
centrals (p idc), also containing four bristles, each present in all the 
specimens I have examined, although they vary somewhat in size, and 
frequently in position (the second and third posteriors most often). 
This differs from Hough's observation that the posterior acrostichals 
vary in number or are poorly developed in Protocalliphora. The ante- 
rior dorso-central bristles (a dc) are three in number, the posterior 
ts 
^~ -y:t e Meso- 
propleura; (r) prealar callus; (s) scutellum; (p) spiracle; (ts) transverse 
suture. 
(p de) four; the intra alars are three in number (i a). A single small 
anterior intra alar (a ia) is present, three to five supra alars (sa), and 
one presutural (p s). There are three posthumerals (p h), five 
humerals (h), and two well-developed post alars (p a). The scutellum 
has a peripheral row of bristles which varies in number from six to 
ten (three to five on each side); there' is sometimes an odd number 
of them, due to the presence of a macrochaeta on one side without a 
mate on the opposite side. These bristles have each been given an 
individual name by Girschner, but since their development seems more 
or less irregular and inconstant, I simply call them the peripheral row. 
In addition to these I have found two pairs of bristles on the dorsal 
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surface of the scutellum. The dorsal scutellar pair (d sc) (so-called 
by Girschner), are not in line with the inner dorso-central row but 
laterad of it. The pre-apical scutellars (pr ap) are quite small, but 
are markedly different at the insertion from the microchaetae. Both 
pairs are present in all of my specimens. 
Not having any male specimens of Protocalliphora azurea. nor any 
specimens of P. chrysorrhea, to examine, I can not tell whether this 
arrangement of bristles on the scutellum is a specific character or not. 
But I strongly suspect from the work of Girschner and from a com- 
parative study of these bristles in Luciliar, Phormia and Calliphora, 
that it is a generic rather than a specific or sex character. 
There are two macrochaetae on the notopleura; the mesopleurals 
are usually seven in a vertical row, the second from above sometimes 
rather undersized. In two cases there are eight, the extra one being in 
TABLE OF MICROCHAETAE ON THE NOTOPLEURA OF PROTOCALLIPHORA AZUREA 
Bristles Before the Bristles Behind the 
Specimen No. Posterior Macrochaeta Posterior Macrochaeta 
1 L (left side) .......... 8 6 
R (right side) ........ 8 7 
2 L ..................... 8 5 
R ..................... 8 4 
3 L ..................... 7 3 
R ..................... 16 4 
4 L ..................... 10 5 
R .................... 8 4 
5 L ..................... 8 5 
R (destroyed) ......... 
6 L ..................... 7 3 
R ..................... 5 3 
the space before the last bristle. The pteropleura is quite bare save 
in the region under the wing-base, where there is a row of from four 
to six rather small macrochaetae. The hypopleural row is composed 
of seven well-developed and constant macrochaetae. On the dorsal 
margin of the sternopleura there are three bristles. The long micro- 
chaetae on the sides of the sternopleura gradually become more dense 
ventrad, and the individual hairs also become much thicker, until they 
must be called macrochaetae. They are too numerous to be readily 
counted. There are a number of macrochaetae on each coxa. Near the 
cephalic margin of the fused mesopleura and sternopleura are four 
macrochaetae, arranged as indicated in the figure. Two of them are 
much smaller than the other two. More cephalad still, between the 
propleura and the front coxa are two other bristles. 
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Since the work of Osten-Sacken the importance of chaetotaxy in 
the classification of certain groups of the Diptera has been well recog- 
nized, and it has been suggested that since setae occur in every form 
and size between the macrochaetae and the microchaetae, there must 
also be a very definite microchaetotaxy in the various genera and 
species. As a preliminary record on this point, I have counted the 
microchaetae on the notopleurae of each of my specimens. 
Those anterior to the posterior macrochaetae are fairly constant 
in number, though there seems to be no very regular arrangement. 
There are usually eight, but sometimes six to ten. Those behind the 
posterior bristle gradually taper off to such minute hairs as are scarcely 
visible, and vary irregularly in number (from three to seven). 
For comparison with other genera I have counted specimens of 
Lucilia sericata and L. caesar, of Calliphora erythrocephala, C. viri- 
descens, and C. vomitoria, of Protophormia terrae-novae, and of Phor- 
mtia regina. The exact number of microchaetae is not the same in all 
specimens of the different genera, nor on the same sides of the same 
specimen. Nevertheless there is in each genus a general range within 
which all members fall, and this is so constant that I am convinced that 
it is at least of generic significance. Thus, in Phormia the number 
ranges from thirteen to nineteen, the majority having sixteen; in 
Lucilia there are from fourteen to twenty-five, the majority having 
twenty plus; in Protophormia the range is from fifteen to thirty, the 
majority grouping around twenty-six; while in Calliphora there are a 
great many more, the number running from thirty to seventy-five, with 
the majority having a number in the vicinity of forty. 
The abdomen has the typical muscid shape. It extends 3.5 to 4.0 
mm. beyond the end of the scutellAm, only four segments showing in 
the dorsal aspect. The color of the abdomen in the females is a metallic 
blue-green on the first three segments, the tip being a lighter golden 
green. It is slightly pollinose (less so than the thorax) so that in some 
aspects it has a whitish appearance. It is covered by rather long black 
microchaetae, which on the caudal margin of the last two segments 
become enlarged and thickened and are practically macrochaetae. 
SUMMARY 
Protocalliphora azurea, a Muscid larva, occurs as a normal blood- 
sucking parasite of nesting birds, with fatal results in some cases. 
This represents the extreme specialization of these larvae towards 
parasitism; many intermediate stages are also represented in other 
members of the group. 
The structure of the larva and of the pupa are described in detail, 
and also the habits and distribution of the adult. The anatomy of 
the adult is discussed with especial emphasis on the distribution of the 
bristles as this is very regular and of marked significance in taxonomy. 
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EXPERIMENTS ON CYSTICERCI OF T.ENIA PISIFORMIS 
BLOCH AND OF T NENIA SERIALIS GERVAIS * 
JAMES E. ACKERT 
Kansas State Agricultural College. 
'he life histories of the dog tapeworms, Tcenia pisiformis Bloch 
and Tcenia serialis Gervais, are understood, but to what extent other 
vertebrates than the usual hosts constitute suitable environments for 
the development of the ingested cysts of these tapeworms is a question 
that deserves further consideration. This question, together with the 
custom of feeding to chickens the common wild rabbit (Lepus floridans 
mearnsi Allen) and the hare or jack-rabbit (Lepus campestrus 
Bachm.), led the writer to carry on some experiments to ascertain 
whether T. pisiformis and T. serialis will develop in fowls. 
As is known, the common wild rabbit or cottontail is the inter- 
mediate host of T. pisiformis. The larval form (Cysticercus pisi- 
formins Zcder) develops in the peritoneal cavity, omentum, and mesen- 
tery. In eastern Kansas a high percentage of the cottontails is infected 
with these cysticerci; Scott (1913) examined sixty-four cottontails 
taken in this vicinity and found this cyst in nearly 84 per cent. of them. 
All of the rabbits used in these experiments contain Cysticercus pisi- 
formis. 
The chickens used in the experiments were kept from the time of 
hatching in a fly-proof enclosure and fed upon food free from animal 
tissues. In the first experiment, the cysticerci were removed from the 
omenta and mesenteries of the rabbits and fed at once to the fowls, 
care being taken to prevent injury to the cysts before they were swal- 
lowed. Cysticercus pisiformis was fed to three chickens. To the first, 
five on July 8 and sixteen on July 10. To the second, five on July 8 
and ten on July 10. To the third, twenty-three on July 13. Two 
months later (September 5, 8 and 12, respectively) an examination of 
these chickens failed to reveal a tapeworm. 
It is known that the intermediate host of T. serialis is the hare or 
jack-rabbit, although the cottontail occasionally harbors the multiple 
cyst, Coenurus serialis Gervais, of this cestode. The seat of infection 
is in the connective tissue, particularly intermuscular, of the head, 
neck, thorax, loins and limbs. 
* Contribution No. 6 from the Zoological Laboratory, Kansas State Agri- 
cultural College. Experiments by aid of Adams fund. 
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In the second experiment, the multiple cysts (with one exception) 
were not removed from the loins of the hares until the latter had been 
dead twenty-four hours. During this time, however, the lowest tem- 
perature of the surrounding air was approximately 40? F. In all prob- 
ability, the cysts were not subjected to a temperature sufficiently low 
to impair their vitality, for Ransom (1914) has demonstrated that a 
prolonged (six days) temperature of 15? F. is required to kill Cysti- 
cercus bovis in beef. Nor is it at all likely that the length of time was 
sufficient to seriously lessen the vitality of the cysticerci, as Baillet 
(1863) has found that Cysticercus pisiformis maintains its vitality for 
as many as eight days after it has been exposed to the air. Multiple 
cysts were removed from the hares and fed to three chickens. To the 
first, one on July 8 (immediately after the death of the hare). To the 
second, twenty-four on December 12. To the third, twenty-two on 
December 12. On September 5, January 16 and 30, respectively, these 
chickens were examined and in no case was a tapeworm found. 
In looking up the literature on these two cestodes, the writer was 
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scolices from Coenurus serialis without experiencing any discomfort 
and without becoming infected. Hall (1910) failed to develop a tape- 
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failed, according to Hall (1910). And Scott (1913) on feeding these 
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SUM MARY 
From the experiments reported in this paper it appears that 
T. pisiforimis and T. serialis will not develop in fowls. Previous inves- 
tigations show that T. pisiformis fails to develop in man and in swine, 
and that T. serialis does not develop in man, swine, cat and ferret. 
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SOCIETY PROCEEDINGS 
THE HELMINTHOLOGICAL SOCIETY OF WASHINGTON 
The twenty-second regular meeting of the society was held at the residence 
of Mr. Hall on October 29, Mr. Hall acting as host. The evening was devoted 
to an informal discussion of zoological and medical topics. 
MAURICE C. HALL, Secretary. 
The twenty-third regular meeting of the society was held at the residence 
of Dr. Pfender on December 17, 1914, Dr. Pfender acting as host and Dr. Stiles 
as chairman. 
Dr. Sweet was elected a foreign corresponding member of the society. 
Dr. Ransom presented a paper by Ransom and Hall, entitled The Life His- 
tory of Gongylonema scutatum. Encysted larval nematodes were found by the 
senior author in the body cavity of Aphodius femoralis, A. granarius, A. fime- 
tarius, and Onthophagus hecate at Bethesda, Maryland. Certain morphological 
characters suggested the possibility that they were the larvae of Gongylonema. 
Furthermore, dissections of larval beetles of these and related species disclosed 
the presence of free nematode embryos which agreed exactly with embryos 
taken from the eggs of Gongylonema scutatum. Nematode larvae similar to 
those discovered at Bethesda were found in Aphodius coloradensis, A. vittatus, 
and A. granarius in El Paso County, Colorado. The feeding of these larvae 
to sheep resulted in infestations with G. scutatum. Eggs of G. scutatum were 
fed to Aphodius spp. and to Croton bugs, Ectobia germanica. In the course 
of two days free embryos of G. scutatum were recovered from the insects; later, 
other stages were found, and at the end of a month the final encysted larval 
stage was present. Small dung beetles belonging to the genus Aphodius, appear 
to be the most common hosts. 
Dr. Cobb presented a very unusual note, dealing with a new species of free- 
living nematode, which has been made the subject of some experiments and 
observations arising from the presence in its intestinal cells of the substance 
rhabditin, described in a former paper presented before the society. It has 
been found possible to rear several successive generations of this nematode on 
agar made up with only those traces of nitrogen contained in tap water and 
"pure" agar. Simultaneously it has been determined that the nematode is aero- 
phagous, and Dr. Cobb exhibited to the society a preparation in which the liv- 
ing nematode was shown actively ingesting air. The nematode can take in its 
own volume of air in the course of an hour or two, the air passing into the 
esophagus being visible as bubbles taken in at the surface of the nutrient 
medium, to which the nematodes resort from time to time. This ingested air 
may be followed as it passes quickly through the esophagus and as far as the 
anterior portion of the intestine where it is rapidly and completely absorbed, 
each bubble of air as it reaches the intestine requiring only two to three seconds 
for its absorption. The obvious conclusion suggested by the development of 
several generations of this nematode on a "nitrogen-free" medium and its habit 
of swallowing air, is that the nematode, among other things, has the power 
of fixing atmospheric nitrogen. The cultures were not free from bacterial con- 
tamination, though the contamination was not heavy; it was possible by frequent 
transfers of the nematode to keep them in relatively pure media. The most 
significant feature of the observations is the undoubted ingestion and absorp- 
tion of relatively large quantities of nitrogen. The development of the nematode 
under the conditions named does not appear to reduce very materially the 
amount of rhabditin. 
HELMINTHOLOGICAL SOCIETY OF WASHINGTON 
Dr. Cobb also exhibited to the society some mounts of free-living nematodes, 
showing elaborate structures and a remarkable trigger-like process anterior to 
the cloacal aperture in the male. 
Mr. Foster presented a paper entitled The Use of Vermifuges in the Treat- 
ment of Swine. He finds oleum chenopodii very satisfactory, comparing very 
favorably with santonin. Coal tar creosote was not found to be satisfactory. 
Mr. Hall presented a paper entitled A Note on Syngamus laryngeus from 
Cattle and Carabao in the Philippine Islands. This paper records the parasite 
for the first time since its description by Railliet from Annam. 
Mr. Hall also presented a note on the ingestion of ascarids by man. An 
employee of one of the big packing houses in Chicago, a so-called "Polack," 
working at the gutting bench in the hog room, was in the habit, according to 
Dr. Woodruff of the U. S. Bureau of Animal Industry, of slitting open the 
intestines of hogs, where they could be seen distended with Ascaris suum, tak- 
ing a handful of these worms and eating them down in several bites. Dr. 
Woodruff states that the man showed no visible evidence of ill effects from 
this habit, which is rather remarkable, as, aside from the esthetic repugnance 
which would be sufficient to make the average person sick, ascarids have cer- 
tain toxins which often affect helminthologists unpleasantly on merely work- 
ing with these worms, some persons developing a hypersusceptibility which 
makes the presence of the worms in the same room intolerable. The case 
must be regarded as an individual idiosyncrasy, suggestive of mental defects, 
physiological disturbances, or some such pathological condition. In this con- 
nection it may be noted that all reports that the inhabitants of any section of 
Italy are in the habit of eating ligules have met with strong and indignant 
denials on the part of the Italian helminthologists. 
Dr. Stiles gave a talk on sanitary conditions in the southern United States, 
emphasizing the good effects to be anticipated in dealing with problems of this 
sort in a quiet, personal way and avoiding unpleasant, undesired, and unmerited 
newspaper notoriety. 
Dr. Pfender gave a very instructive demonstration of the use of radiography, 
illustrating his points by stereoscopic radiographs and the use of the fluoroscope. 
MAURICE C. HALL, Secretary. 
The twenty-fourth regular meeting of the society was held at the residence 
of Mr. Chambers on Jan. 28, 1915, Mr. Chambers acting as host and Dr. Cobb 
as chairman. 
Dr. Stiles gave an extended discussion of sanitary conditions in the South, 
with especial reference to the respective merits of the pit privy and the so-called 
"umbrella privy". 
Mr. Chambers exhibited a figure of a new free-living nematode from Panama, 
the worm being provided with three jaws, each of which is armed with three 
rows of retrorse teeth. 
Dr. Cobb exhibited a Baker collapsible microscope. 
The secretary presented a note by Mr. Crawley in regard to the protozoa 
found in the cloaca of frogs, with special reference to variations in Opalina. 
MAURICE C. HALL, Secretary. 
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A REVISION OF THE CESTODE FAMILY PROTEOCEPHALIDAE. By George R. LaRue. 
Illinois Biological Monographs, Vol. I, Nos. 1 and 2. Urbana, Illinois. 1914. 
350 pp., 16 plates. 
This work is the most complete and comprehensive yet published on the 
proteocephalid tapeworms. The author has gathered together and carefully 
compiled the observations of other investigators on this group, and with this 
compilation he has combined in monographic form a large mass of data col- 
lected from his own studies on the various species of the family. The Proteo- 
cephalidae occur in fresh-water fishes, reptiles and amphibia, and comprise 
five genera and about fifty species. Excepting the genera Acanthotaenia and 
Corallobothrium which are only touched upon incidentally, the author has covered 
the various species not only of this group but also those belonging in the 
genus Monticellia LaRue, 1911 (Tetracotylus Monticelli, renamed), which he 
separates from the Proteocephalidae as the type of a nearly related but distinct 
family, Monticellidae. The morphology, which is illustrated with 199 figures, 
synonymy, host records, etc., are fully discussed for each species. The por- 
tion of the work pertaining to general questions such as geographical distribu- 
tion, host relationships, etc., is of special interest to economic zoologists, because 
as already pointed out by Ward (1910) valuable clues in clearing up certain 
problems in the biology of food fishes are likely to be picked up from a knowl- 
edge of fish parasites. 
THE PROPHYLAXIS OF MALARIA WITH SPECIAL REFERENCE TO THE MILITARY 
SERVICE. C. F. Craig. War Department: Office of the Surgeon-General. 
Bulletin No. 6. Government Printing Office, Washington, 1914. 115 pp. 
12 plates. 
This pamphlet, published for the information of medical officers in the army, 
gives a careful and clearly written synopsis of present knowledge on the organ- 
ism of malaria and its transmitting agents. The work opens with a discussion 
of the methods for studying both living and preserved material, the structure, 
life history and habits of the various species of Plasmodium occurring in man 
and of the types of Anopheline mosquitoes that transmit them. Further chapters 
deal in extenso with the prophylactic methods and their application to the mili- 
tary service. At the close is given a bibliography of important references which 
though complete contains some errors and irregularities of citation that may 
embarrass inexperienced students. 
THE ANALES DE ZOOLOGIA PLICADA, recently established in Chile is devoted 
to the biological and systematic study of animal parasites (Arthropoda, Vermes, 
and Protozoa) of the neotropical region. The editor, Professor Carlos E. 
Porter, Director of the Zoological Museum at Santiago, is known for extensive 
and valuable work in research and as editor of the Revista Chilena de Historia 
Natural. 
THE PARASITIC AMOEBAE OF MAN. By Charles F. Craig, M.D., Captain Medical 
Corps, U. S. A., Pp. x + 253, thirty figures. Philadelphia: J. B. Lippincott 
Co., 1914. 
In his preface the author emphasizes the desirability of a work of this nature, 
owing to the great importance of amebic infections of the intestine and liver 
in man, and to the great frequency with which such infections are met both 
in our tropical possessions and in certain parts of this country. 
The first chapter gives a historical review of the important investigations 
relating to amebae found in man. In the second chapter the morphology and 
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biology of amebae, and the methods of reproduction are discussed with a brief 
historical review of the resistance of amebae to physical and chemical agencies. 
In a discussion of the classification and nomenclature of the organisms Craig 
points out that a pathogenic and non-pathogenic species of ameba in man 
were first demonstrated by American investigators rather by Jiirgens and 
Schaudinn. It is true that from a zoological standpoint Schaudinn gave the 
most complete description of two species of amebae found in the intestine in 
man, but a number of his observations regarding one species are unconfirmed. 
As Craig points out, however, Schaudinn's classification has been generally 
accepted by zoologists, although few have observed the morphological char- 
acteristics of Entamoeba histolytica he described. 
Craig gives complete account of the technic of examination of amebae in 
the fresh state and the methods to be employed in fixing and staining them. 
The method devised by Wolbach for the hardening of tissues and staining of 
trypanosomes in sections, which is also an excellent one for staining amebae 
in sections, might have been added. The cultivation of these organisms is then 
discussed and the fact pointed out that all amebae which have been culti- 
vated upon artificial media are free living species and of no etiological signifi- 
cance in dysentery, whereas the parasitic amebae have not been cultivated. 
In the sixth chapter the distribution, morphology, reproduction, life cycle, 
attempts at cultivation, and relation to disease of the different species of human 
intestinal amebae are considered very exhaustively, and the characteristics of 
the different species illustrated by plates and figures. The differential diagnosis 
of Entamoeba coli, Entanoeba histolytica, and Entamoeba tetragena, is also 
discussed and a table given showing the differential features. The author 
emphasizes rightly that a differential diagnosis of these species does not rest 
upon the presence of a single morphological feature, but should only be made 
after a careful consideration of all morphological data, as well as the life cycle 
of the organisms investigated. Craig apparently regards Entamoeba histolytica 
and Entamoeba tetragena as different species, whereas Walker believes tetragena 
is a variety of histolytica. 
In discussing the amebae of the mouth, Craig points out that the distribu- 
tion of the common species, Entamoeba buccalis, is world-wide, and that while 
it is sometimes found in carious teeth, there is no experimental evidence con- 
necting it with disease. He shows that it may be frequently demonstrated in 
material scraped from the roots of perfectly normal teeth, and that so far as the 
evidence goes, it must be regarded as only a secondary invader of the tissues. 
It is very doubtful if this form has anything to do with caries of the teeth. 
The other amebae found in the mouth he agrees with Prowazek are identical 
with Entamoeba buccalis. Brief reference is made to the occurrence of amebae 
in the genito-urinary tract, in exudations and abscesses, and in the lungs. 
The book is well printed, is written in an interesting manner, and consti- 
tutes an important addition to the literature on this subject. 
The Government Bureau of Microbiology (New South Wales) has a 
division devoted to animal parasites. Its Third Report includes several impor- 
tant notes by J. Burton Cleland. Coccidia (probably Eimeria stiedae), reported 
for the first time in Australian cattle were found in moderate numbers in the 
caecum of a cow. More than half the house sparrows examined during 1911 
and 1912 were found to be infected with Isospora lacazei (Labbe), known in 
England from various passerine birds. An attempt to introduce this parasite 
experimentally into chickens was unsuccessful. 
The most extended communication is a study of the life history of 
Onchocerca gibsoni. These worm-nests in cattle which had never left Milson's 
Island gave localized conditions for study. The distribution of the parasite 
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and the finding of living embryos in subcutaneous situations suggests an insect 
vector. Either the stable fly (Stomoxys calcitrans), or a mosquito (Culicelsa 
vigalax) may be the carrier. Experiments showed that Stomoxys calcitrans 
can ingest living embryos from opened worm-nests and these embryos remain 
alive and active in its alimentary canal as long as three days. An attempt to 
infect a calf through Stomoxys calcitrans which had ingested living embryos 
was not successful. Calves could not be infected by embryos taken with milk 
or injected subcutaneously. The position of worm-nests and free embryos 
makes it probable that infection first occurs in the lower extremities and that 
the embryos migrate along the lymph channels. 
NOTES 
DOCTOR RICHARD P. STRONG, Professor of Tropical Diseases in the Harvard 
Medical School, and a member of the Editorial Board of the JOURNAL, has just 
left for Servia as chairman of the Sanitary Commission sent by the American 
Red Cross to aid in the control and suppression of typhus, cholera and other 
epidemic diseases. Doctor Strong's admirable record during the terrible epi- 
demic of pneumonic plague in Manchuria in 1911 makes him an ideal leader 
for this, which Surgeon General Gorgas believes the most important sanitary 
work in years. 
PROFESSOR DOCTOR A. Looss, the well-known helminthologist, who was for- 
merly pathologist in the Medical School at Cairo, Egypt, retired from that 
position with the outbreak of the war. He is now in Germany engaged in 
scientific work, and wishes to announce his address for the future as Stephans- 
trasse 18, Leipzig. 
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